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PREFACE TO THE SECOND EDITION 


The second edition of the book is in a revised form with the latest 
findings and research in the field of science education. A few chapters 
with latest trends and practices in teaching of physical sciences have 
been incorporated to make it an up-to-date text-book. 

The author is highly thankful to all the professors and eminent edu- 
cationists who have appreciated the text book and encouraged me to 
write further. The book has been revised keeping in view their valuable 
suggestions. j 

The incorporated material will certainly add to the worth of ‘the 
book. The book now covers the entire revised syllabi of B.Ed., M.Ed., ^ 
M.A. (Education), M.Sc. (Education) and M.Phil classes of all.the - 
Indian universities and some of the foreign universities. ` 

The following topics have been added to the revised book. 

1. Innovations in Physical sciences. 

2. Development of Science curriculum practical. 

3: Practical concepts in Physical sciences with examples. 

4. Behavioural objectives in Physical sciences. 

5. Test constructions in Physical sciences. 

I hope the revised edition of the book will certainly prove useful 
and appreciated by all the students, teacher-educators, and university 
. teachers in the field of science education. 

It is requested to all the teachers and students in the field to give 
their constructive suggestions for the further progress of the book. 


Sharwan Kumar Gupta 
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PREFACE 


Science plays a vital and pivotal role in the development of many 
qualities of head and heart in the individual thereby helping him to'be 
a good citizen in the society—a crucial need of the hour. It helps him 
to be a useful productive and progressive member of the society. It 
makes him intellectually enlightened, vocationally fit and morally 
sound. f 

Science develops in students the qualities like truthfulness, honesty, 
open-mindedness and goodness. It makes him free from false- beliefs 
and superstitions. Because of the above-mentioned values of science, 
it finds a very important place in today's high school curriculum. Every 
body is expected to study science upto high school level. ‘ 

The development of these qualities of head and heart depend not 
only on the study of the sciences by the students but also the way of 
teaching the science subjects to them. I would say, the approach and 
style of presenting the science instructions to the students is much 
more responsible for the development of these qualities. Students 
should be given opportunities to participate in the teaching-learning 
Process. They should arrange their experimental work themselves, 
make their own investigations and express themselves by participating 
in different scientific activities and through various other science pro- 
grammes like science fairs, science clubs and scientific excursions. 

In this book, it has been elaborated how the scientific situations 
and opportunities could be created for the students. It has also been 
illustrated how the students can participate in these scientific activities 
and programmes in order to develop the.above stated qualities. Vari- 
Ous methods and approaches have also been discussed for teaching 
Science through which the teacher can help the students to develop 
these qualities and make them socially efficient and socially acceptable 

Citizens. 

Teaching of Physical Sciences has been introduced as a compulsory 
subject at the high school level in the present system of education. 
Before the 10--2 System of Education, science was taught with an 
‘integrated approach under the head “Teaching of General Science." 
Nowadays the teaching of general science has been bifurcated into 
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and taught under the two main heads—(a) Teaching of Physical 
Sciences, (b) Teaching of Life-Sciences. The methodology of teaching 
physical sciences is different to that of life sciences. 

The books on teaching general science are readily available in the 
market, but there is hardly any text-book on Teaching Physical 
Sciences covering the latest syllabi. Hence this work “Teaching Physi- 
cal Sciences in Secondary Schools” is an humble attempt by the author 
to fill this gap. The latest trends, approaches, technology and practices 
have been incorporated in the book which will certainly help teachers 
to make the teaching of physical sciences clear and understandable to 
their students. The book will be an asset to B.Ed. (Science), M.Sc. 
(Edu.), M.A. (Edu.) and M.Ed. students of the Indian universities: 

The term physical sciences in this book has been restricted to the 
study of ‘Physics’ and ‘Chemistry’ only because at the high school 
level Physical Sciences are taught under these two heads, ‘Physics’ and 
‘Chemistry’. 

The book has been mainly divided-into two parts (a) Methodology 
and Technology of Teaching Physical Sciences, and (b) Conten t- 
Enrichment Programmes in Physics and Chemistry. 

The Content-Enrichment Programme is a part of the present B.Ed. 
syllabi and finds its importance in the fact that in most of the schools, 
there is a single science teacher to teach science subjects. A Biology 
teacher, for example, is expected to teach Physics and Chemistry also. 

In order to enrich and refresh the biology teacher in Physics and 
Chemistry, universities introduced the content-enrichment programme, 
in the syllabi of B.Ed. students. The topics have been illustrated and 
disscussed with respect to the needs of our student-teachers. 

Besides its usefulness to B.Ed., M.Ed., M.A., M.Sc. (Edu.) students 
of Indian and foreign universities, this book will also be helpful to ‘in- 
service training courses’ of the science teachers arranged by the Govern- 
ment from time to time to refresh their knowledge in methodology and 
audio-visual aids of science education. p 

Though every effort has been made by the author to discuss all the 
pros and cons of the subject, yet omissions may be expected. Distin- 
guished teachers and scholars on the subject are welcomed to suggest 
their concrete and valuable opinions for incorporating the same in the 
next edition of the book. 


Sharwan Kumar Gupta 
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DEFINING PHYSICAL SCIENCES 


Physics 


Physics has been defined as the study of the properties of matter 
and energy. 


It concerns both the macroscopic and the microscopic state of 
matter. The peculiarity of this subject is that it perceives both with 
the same set of laws and generalisations. The Law of Conservation of 
Mass and Energy holds good both in the cosmic scale as well as the 
sub-atomic scale. $ 


Howeyer, we should not look at Physics merely as a body of facts, 
or some important physical laws and generalisations which are to be 
investigated and applied to new situations. In fact, our notion of the 
subject should reflect its own true spirit. Many laws are merely crude 
generalisations or deductions. For Boyle’s law, for example, we 
know that only perfect gases obey this law, although we are fully 
aware of the fact that no gas is perfect. 


Then what is this law about? We know that most of the ordinary 
gases do not obey this law perfectly still we apply it in our daily life. 
The reason for this is that for all practical purposes, the deviation 
for the law under ordinary laboratory conditions is very marginal 
and beyond the capacity of scientific instruments to detect. So we 
Satisfy ourselves with the important, although imperfect generalisa- 
tion. Such instances could be quoted in almost all branches of Physics. 
The important thing is not the law itself but its valuable applications 


to new situations related to daily life problems and relationship with 
other set of laws and facts. F 


Chemistry 


` Chemistry has been defined as the study of the composition of 
Substances and of their effects upon one another. Chemistry has three 
main branches which are given below: : 


l. E.B. Vyarov, D.R. Chapman and Plan Isaacs, A Dictionary of Science, 
ELBS (ed), 1964. "s 


2. Dictionary of Science, p. 73. 
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1. Organic Chemistry. The chemistry of organic compounds; the- 


chemistry of carbon compounds excluding the metal carbonates and 
the oxides and sulphides of carbon. Originally, the chemistry of 
substances produced by living organisms, as distinct from the inor- 
ganic chemistry of substances of mineral origin. 


2. Inorganic Chemistry. The study of the elements and their com- 
pounds. Inorganic chemistry usually includes the study of elemental 
carbon, its oxides, metal carbonates, and sulphides, while all other 
carbon compounds belong to the study of organic chemistry. 


3. Physical Chemistry, The study of the physical changes associated 
with chemical reactions and the dependence of physical properties on 
chemical composition. 


Relationship of Physics with other Subjects 

Physics has got intrinsic Telationship with philosophy. Earlier it 
was called ‘Natural Philosophy.’ Great philosophers like Galileo, 
Newton and others were great physicists in their time. They enlight- 
ened the horizons of scientific knowledge by their speculative and 
imaginative thinking. It is a strange fact that an important law im 
Physics, Planck's Law of Radiation? came out asa conjecture and by 
empirical relationships. The Speculation and imagination has an 
Important place even in the realm of Science and in expanding the 
frontiers of scientific knowledge. : ` 


_ The subject Physics is also intermixed with Mathematics. At the 
higher stage of learning, Physics is almost indistinguishable from 


Mathematics, Mathematics is the backbone of all Sciences. It is more: 
true for Physics as it brings out its quantitative nature. 


Biology in itself has been becoming more and more mathematical. 
Consider, for example, the science of genetics with its applications to 
Plant breeding and animal husbandry. 


The relationship of Physics with other science subjects like Biology, 
Agriculture, Chemistry ‘and its importance can be seen through the 
uses of radio-active tracers and radio-isotopes, mentioned below. 


Uses of Radio-active Tracers—Radio-isotopest 


Radioactive-isotopes, known as radio-isotopes, are produced by 
placing non-radio-active elements in a nuclear reactor and bombard- 
ing with neutrons till the elements become radio-active. 

, Isotopes of the same element behave alike. If they are injected 
into the body of an organism, they will join and move about with the 


ac Ine one gy of electromagnetic radiation (including light) is compared with 


iscrete quanta, the magnitude of which is given by the product of Planck's. - 


constant and the frequency of the radiation. 

4. Radio-active atoms of the same element (i.e., having the same atomic num- 
ber) which differ in mass number are called isotopes of that element. The 
isotopes of an element are identical in chemical properties in all physical 
properties except those determined by the mass of the atom. 
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elements which are chemically alike. When isotopes are converted 
into radio-isotopes, their value as tracers in plant and animal research 
become enormous. Radio-isotopes not only behave like the body ele- 
ment to be studied —they also give off glpha, beta and gamma: rays, 
which can be detected by a Geiger Counter? outside the body. Radio- 
isotopes can be used to study and explain life—processes, discases, 
and chemical reactions in plants and animals. 


Fortunately these radio-active tracers can bc greatly diluted to 
reduce the amount of radiation in injections or exposures. Very small 
quantitiés of them, mixed with non-radiant liquid or solids, still send 
out rays that are strong enough to be easily detected. 


Radio-isotopes in Agriculture 

Radio-isotopes are being used to know more about fertilisers. By 
mixing tracer with ordinary fertilisers, scientists have been able to 
learn a great deal about how and when fertilisers should be applied 
to soil to get best results. i 

Plants make the best use of fertilisers only at certain times during 
their growth. For example, the element phosphorus (P) is needed by 
all plants. When radio-active-phosphorus is mixed with normal phos- 
phate fertilisers, the periods of greatest intake of fertilisers can be 
determined. By this method it has been found that there is great 
variation among plants. Potatoes, for example, depend upon fertilisers 
throughout their entire growth for the phosphorus requirement. Corn, 
on the other hand, when very. young, depends a great deal upon 
fertilisers, but as the plants grow older, they depend more and more 


on the phosphorus already in the soil. 


Radiation in Plant Breeding 

Radiations cause mutations? in plants. Because of this fact radia- 
tion promises to be an important tool in plant breeding. Recent 
researches have shown that induced radiation produces many types 
of mutations in plants. The important thing is that the plant breeder 
may find a new superior type. 
Radio-isotopes in Diagnosis and Treatment of Diseases 

Some of the radio-isotopes commonly used in medical diagnosis 
are radio-iodine, radio-rodium and radio-phosphorus. Small quantities 
of radio-active atoms which are isotopic or chemically identical to 
the body element under study are injected into the patient. Then the 
building up of radioactivity in the area under suspicion is closely 
watched. An over-concentration of radio- iodine in the thyroid gland 
indicates that the gland may be producing too much hormones and 
other forms of radio-iodine are used to locate tumors in the human 


nstrument for the detection of ionizing radia- 


iger-Muller Counter. An I 
Su SALE Fi RUP capable of registering individual 


tions (chiefly alpha, beta, and gamma-rays, 
particles or photons. 
6. Mutation. Sudden change in Chromosomal DNA. 
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body. Faults in the circulation of blood can be detected with injec- 
tions of radio sodium in a salt solution. As the tagged atoms in the 
salt travel through the blood vessels, a Geiger Counter held near the 
patients body will receive the radiations and indicate the pattern of 
circulation. Radio-phosphorus accumulates in, the bones after being 
injected. Its density and location are clues to the progress of bone 
formation. The deformed and diseased bones can be healed. 


Many forms of cancer can be treated with radio-active substances. 
Frequently radiations from lamps containing radio-active cobalt 
(Co) are used for treating cancer. For many patients these radiations 
are better than X-rays because the machine can be more easily adjust- 
ed so that the healthy tissues do not receive an overdose, Sometimes 
radio-active Cesium (Cs1?7) is used. 


Teaching of Physical Sciences with Other Subjects 


Can simple equations in mathematics lesson be illustrated by 
experimental data obtained in a science lesson on specific heat,? latent 
heat, or the simple Properties of lenses, for instance? Can mathe- 
matics data with inverse ratio just before the science teacher diseusses 
Boyle's law? Can the two teachers decide upon the most interesting 
way of dealing with graphs, which often provide an excellent means 
of representing scientific facts? For example, the distances travelled 
by a stone falling under gravity, and the route taken through the air 
by a cricket ball may be connected with the graph of a simple quad- 
ratic. The measurement of angles and the drawing of triangles in 
geometry can be coupled with the study of the mariner's compass 
and the use of the prismatic compass in science. 


When the geography teacher wishes to deal with climate, he should 
take it after the science teacher has given his lessons on air pressure, 
atmospheric humidity and their measurement, and on the heat and 
the construction and use of thermometers. Topics such as the rela- 
tionship between plant and animal distribution and the.density and 
activities of the human population, and the occurrence and composi- 
tion of chalk hills and coral reefs, concern both geographer and scien- 
tist. Can geography lessons be fitted in after these in science which 
deal with the lower forms of life and the composition of chalk? Even 
if collaboration with other teachers may prove impossible in detail, 
the physical sciences teacher, giving his lesson on the preparation of 
carbon-dioxide, must draw attention to the fact that chalk is of equal 
and common interest in chemistry, biology, geology and geography. 
Coral sea-shells, limestone and other forms of chalk are all used as 
Sources of lime, Coral and chalk have been formed from living 


7. Specific Heat. The quantity of heat required to raise the temperature of 
unit mass of a substanc2 by one degree. 

8. Latent Heat. The quantity of heat absorbed or released in an isothermal 
transformation of phase, The specific latent heat of fusion is the heat 


required to convert unit mass of a solid to a liquid at the same tempera— 
ure. 
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creatures, and the process continues today. Countless millions of the 
skeletons of these creatures have been gradually compressed, thus 
forming great reefs, mountain ranges and vast geological measures. 
The action of: acids, orheat can release the carbon-dioxide taken in 
by the creatures millions of years ago. [In mentioning such points the 
teacher not only forges links between the various branches of science 
but provides material which may fire the imagination of his pupils. 


INCLUSION OF PHYSICAL SCIENCES IN THE SCHOOL 
CURRICULUM 


The importance of science all over the world is now well-recog- 
nised, and it is generally accepted that some knowledge of Physical 
Sciences is an important part of a liberal education. We are living in 
what is called 'the scientific age.' Any education intended to fit us 
for graceful and purposeful living will be grievously ill-directed if it 
takes no account of the intellectual climate of the present day, perme- 
ated as it is with the ideas and hopes of the scientists. 


The Benefits Derived from, the Study of Physical Sciences 


l. Physical Sciences give an essential background of knowledge 
for cultural development. It expounds the pupil's knowledge of 
the universe and his position in it; it helps in the appreciation 
and enjoyment of nature and life, it offers a basis for a proper 
and valuable use of increased leisure, and it stresses the need to 
take an active and intelligent share in the development of the 
community. 


2. Physical Sciences give many opportunities to foster the scienti- 
fic method and discipline, since it trains the pupils to observe 
and think clearly, critically and carefully. This training should, 
whenever possible, be applied to real and worthwhile problems 
affecting the personal life and thinking of the pupil, so that 
such benefits may be transferred to his other activities. 


3. Physical Sciences stress the need to appreciate the meaning of 
Scientific life, spirit and endeavour—open-mindedness, intellec- 
tual honesty, self-sacrifice and devotion—which may serve as 
ideals to the future citizen. Contributions made to community 
through the efforts and achievements of scientists should be 
known to all citizens since they are a distinctive feature of 
modern civilised existence. ? 


4. Physical Sciences introduce the pupil to a knowledge of scienti- 
fic facts needed not only for many trades and professions but 
also to enable the citizens lead happy, well-balanced and 
useful life. Future citizens ought also to know the possible 
influence of new scientific’ discoveries and should realise the 
need for proper control. Itis, therefore, necessary to under- 
stand, asa minimum, the simplér words and definitions in 
Physical Sciences, the relationship between Physical Sciences 
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and other fields of knowledge, and the elementary facts and 
principles of this subject, so that in later life the pupil may 
keep himself informed of important developments. 


In order to satisfy the major needs of a Student, the requirements 


of Physical Sciences have been classified with respect to three stand- 
points: : 


l. Asa citizen, with certain civic and social duties and responsi- 
. bilities, : 


Dy a a worker, is duty bound to bear his share of the economic 
oad, 


3. Asan individual, who must have varied non-vocational interests 


and Permits if he wishes to lead a normal and well-balanced 
ife. 


Under these three headings, the effective teaching of Physical 
Sciences may help improve the Student's health, his wise use of 
leisure, his ethical standards, ‘his manipulative skills as citizen. 


A physicist or a chemist obtains first hand information to a great 
extent, from direct contact with materials, and is able to build up 


of accuracy and the methods of obtaining results.’ Indeed many of 
his discoveries are due to long and patient measurement with accurate 
instruments, He discovers and formulates laws; and verifies his 
assumptions by studying a small number of isolated substances under 
Precise conditions in his -laboratory. In doing so he must devise 
€xperiments to test his hypothesis and to deduce general principles. 


The first steps in the scientific method of approaching a problem 
are inductive, since the Pupil (a) perceives the problem, (b) collects 
and organises relevant information, and (c) forms a tentative hypo- 
thesis which he tests, He then makes, and in turn tests, other hypo- 
thesis using additional information, and then he selects the hypothesis 
which best fits the evidence available. Finally and deductively, he 

-applies the generalisations obtained from the hypothesis to specific 
cases. A hypothesis is thus a Teasoned guess or deduction and js used 
to predict further- results. If it Correctly forecasts results which may 

confirmed experimentally, it is called a theory. A theory, however, 
still contains an element of doubt, but with modifications it may be 
the means of formulating a new law. A law is a well-confirmed state- 
ment of relationships based on experimental proof. 


Development of Scientific Outlook $ 
The teacher should bear in mind the paramount need to encourage 


DEFINING PHYSICAL SCIENCES 9 


the student to think critically to make unbiased conclusions as a 
result of logical thinking and to be precise and honest in his obser- 
vations and recordings. The scientific outlook of impartiality. critical 
assessment of accepted opinions and the classification of all occurren- 
ces on the same emotional level, should influence our conduct, norms, 
and our outlook to the government of our own country, in the same 
Way that it has affected our work, wars and hygienic conditions. 


Transfer of Scientific Attitudes and Values 

. The relationship between scientific method and mental discipline 
introduces ideas on formal training. Habits of scientific thought and 
method are much better acquired by the study and practice of science 
itself. There is no automatic transfer to any other subject or sphere 
of life. It is likely, however, that specific abilities and character traits 
(notably persistence, industry and honesty) may be transferred. It 
should be clearly understood that physical sciences, as the important 
branches of science, is a method and a habit of thought, and that 
subject-matter training in skill, and teaching technique should be 
Selected accordingly. It should be well and closely linked with the 
pupil's emotions and common interests. Further, the pupil must deli- 
berately be encouraged to use the scientific approach in solving every- 
day problems. Transfer of training is most likely to take place if this 
is consciously done and if similar facts, principles and ideals are con- 
sidered together. The ‘problem’ or ‘modified heuristic’ approach 
appears to be particularly valuable when used together with realistic 
Probl ms of everyday life. : 

The teacher's enthusiasm, his attitude to the subject, his effective 
demonstration methods and his learning should inspire the. pupils 
With a thtrst for knowledge in physical sciences. And the greatest 
asset that the teacher can possess is enthusiasm. 


The boy who takes with him from school an ideal of truth and of 
knowledge for its own sake and of the discipline which science induces, 
can play an important part in his world of the future. 


Thus physical sciences are both a product anda process. A study 
of it helps both the society and the individual. It is important for the 
Society for developing scientific outlook among the members for 
economic and agricultural progress, for modernisation and for incul- 
cating certain qualities of head and heart essential for democracy. 
Study of physical sciences have informative and disciplinary values as 
far as the individuals is concerned. It provides him with sufficient 
knowledge for a successful living and also develops in him scientific 


outlook and 'attitude. 


AIMS OF TEACHING PHYSICAL SCIENCES 


The reasons for universalisation of teaching of Physical Sciences at 
school level fall under two main categories: usefulness to the country, 
and usefulness to the pupil.! 


the better. If the schools do not provide science as a subject; then 
many pupils may never have a chance of finding out even if they have 
the aptitude and interest for the subject. 


. The governments of modern states make use of scientific knowledge 
immensely for their proper functioning. In nearly every country the 
departments of agriculture, education, health, police, posts and 


and these orders have to be carried out by officials, merchants and 
farthers. If they are not understood the orders will be carried out 
badly or not at all; so some knowledge of science is a must to every- 


We now come to reasons for learning Science which concerns the: 
body. The first is that a few boys will use science to earn their living. 


easily understood by those who have a background .of ‘scientific 
Knowledge. In other words, science will help a boy in his day-to-day 
ie. 


. Ihe third reason is that many boys-enjoy learning science, because- 
it deals with things of their environment and answers questions they 
Moos about. They are ready to accept the subject, so they learn it 
well. 

A man who. does not know about the discoveries of physics, 
chemistry and biology in the last three hundred years cannot be called. 
l. Owen, C.B., Methods foy Science Masters, ELBS, 1966. 
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properly educated. The discoveries of Newton, Lavoisier, Pasteur and 
Darwin, produced order and system, where there was confusion 
before. Boys at the High School stage have a strong desire for know- 
ledge of system. While the facts of science are important, it is also 
important that boys should understand the system of observation, guess 
and experiment which we call the scientific method. 


The most important of the reasons for learning science is that it has 
a value as character training. “It develops an attitude that is a habit of 
thinking, feeling and acting, which is a mixture of curiosity and cau- 
tion: curiosity leading to correct observations, and caution in arguing 
from the observations"? 


Our aims, then, are to help boys to live in the modern world, to 
introduce them to the methods and systems of science, and to develop 
some attitudes we think valuable. i 


A. Objectives of Teaching Physical Sciences 


‘What are objectives? By education, we mean to bring about desirable 
changes in the behaviour of the pupil. We expect these changes in a 
particular direction so as to satisfy the needs of the individual and the 
society. These needs of the individual and society will determine the 
expected terminal behayiour of the pupil after giving him a particular 
amount of education. The terminal behaviour,is not observed only in 
terms of the knowledge of facts, but developing new attitudes, new 
skills and new ways of thinking. “A Science programme must be 
judged by its effect on individual pupils, not by the number of text- 
books read or the percentage of syllabi covered. Science can justify its 
place in the curriculum only when it produces important changes in 
young people—changes in their ways of thinking, in their habits of 
action and in the values they assign to what they have and. what they 
do."? 


The objective of good science teaching as defined by Sir J.J. 
Thomson! in his report on the position of natural science in the edu- 
cational system of Great Britain is two-fold: 


1. It should train the mind of the student to reason about things. 
observed, and develop his powers of weighing: and interpreting 
evidence. 

2. It should also make him acquainted with the broad outlines of 
great scientific principles with the ways. Theseare exemplified in 
familiar phenomena and with their application to new situations 
for the service of man. 


The objectives of Physical Sciences depend upon the following 


2. op.cit., p. 8. 


3. Walter, A. Thuber and Alfred, T. Coflette, Teaching of Science in Today's 
Secondary Schools, Ch. II, Prentice Hall, 1964. 


4. Natural Science in Education (H. M.S.O.), p. 58. 
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factors: Need of the individual, nezd of the society, and applications 
of science to face new challenges in life. Based on these factors, the 
important objectives are discussed below: 


Knowledge 


The basic knowledge of the fundamental laws of Physics and 
Chemistry are essential to make meaningful everyday experiences, and 
understand the environment surrounding a man. It also helps in relish- 
ing the applications of scientific knowledge to new situations for the 
solution of problems in day to-day life. 


(a) The pupils acquire the scientific knowledge helping them better 

understand the environment through numerous phenomena like: 

, the formation of dew on green grass and leaves in winter nights, 

twinkling of stars in the star-studded skv, thunder and lightning 

in rainy season as a result of electric discharge from two oppo- 

site charged clouds, a dust storm in summer, the blue colour.of 

the sky and deep water, and the formation of rainbow after the 
rain on the basis of the laws of refraction of light. 


(b) The knowledge of Physical Sciences helps in’ making the pupil 
understand the application of science in everyday life. For 
example, to every action there is an equal and opposite reaction. 
It is an important law in Physics which can be assimilated in the 
life of the pupils in the form that good actions follow good 
results. Newton's Ist Law of motion helps them to safeguard 
against accidents and unforeseen calamities. When one gets 
down from a moving train, then he naturally moves forward 
for a while in,the direction of the moving train. Similarly, if you 
want to get into a moving train or a bus run for a while in the 
direction of the train or bus to get momentum and then catch 
it. Don’t be ina moving train or bus without support otherwise 
you are likely to fall when the train or bus suddenly stops. 


The Knowledge of Chemistry can be applied for leading a better 
life. The importance and use of going for a walk in the morning, 
taking. balanced diet, use of disinfectants and antiseptics, purification 
of water and cleansing action of soap can well be reflected by 
‘chemistry. 


(c) The knowledge of Physical Sciences helps to remove supersti- 
tions and false beliefs from the minds of the pupils. For example, 
the observation of fire on marshy land was considered due to 
the presence of some evil spirits. But it has been reasoned that 
fire is produced as a result'of the spontaneous burning of hydrides 
of phosphorus and methane, produced due to the decomposition 
of animal and vegetable matter. 


(4) Knowledge of Physical Sciences helps the students to follow and 
interpret intelligently the scientific news and literature which 
they come across in their day-to-day living. The latest scientific 
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information helps them a lot to face new challenges intelligently 
and boldly. 


Training in Scientific Method 
Students of Physical Sciences get training in the use of scientific 
method by performing experiments themselves in laboratory; and by 
observing experimental demonstrations arranged by the teacher for 
them. The scientific method involves: 
1. The appreciation of the existence of a problem and a desire to 
Solve it. 


2. The accumulation of facts and data which are pertinent to tbe 
problem. 

3. The formation of hypotheses as partial explanations, their test- 
ing and their acceptance or rejection. 1 

4. Logical interpretation of data with an unwillingness to accept un- 
less supported by adequate valid evidence. 

The use of these steps means that the individual first recognises the 
existence of a problem to be solved and sets about to solve it. He next 
establishes all available facts concerning the problem, which involves 
the accumulation of data, On the basis of these facts he constructs 
hypotheses which are logical explanations of the parts of the original 
problem. These hypotheses he must clearly Tecognise as tentative and 
must not confuse them with proved conclusions. He then tests his 
hypotheses by experimentation and further accumulation of evidence 
to establish their degree of adequacy. If a given hypotheses is support- 
ed by sufficient evidence, it may be accepted as a conclusion and asa ` 
step in the solution of the problem. 

To be of true worth educationally the frequent use of the scientific 
method must produce in the minds of the student an attitude towards 
all problems of life which demands that claims be proved, that facts 
take precedence over prejudices and desires. In short, the fruits of 
scientific method are scientific thinking and attitudes in the processes 
of daily life. 7 


Development of Scientific Attitudes 

As the ability to think and, in so doing, to use the scientific method 
depends upon a knowledge of facts with which the thinking is done 
and as the drawing of inferences, the making of generalisations, and 
the application of principles depend largely upon the ability to think 
logically and scientifically, so the formation of scientific attitudes is 
the correlation of all these. Í . 

Miller and Blaydes? state “an attitude is a condition of mind involv- 
ing imagination and emotional states which are the result of previous - 
experiences. Attitudes condition behaviour, establishing patterns of 
conduct. Attitudes are ethics.” 


5. Miller, David F. and Blaydes, Glun W., Methods and Material, T. i 
Sciences (2nd Ed.), Tata McGraw-Hill Publishing Co, Tid eae 
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. The Physical Sciences inculcate among the individuals, the attitudes 


Of a scientist like critical observation, open-mindedness, suspended 


judgement, freedom from superstition and false beliefs, truthfulness 
and respect for other's points of view. Such attitudes are of para- 
mount importance for "social efficiency" which we want in a demo- 
cratic society. One must not fail to recognise that a society is but a 
group of individuals each of which contributes in some measure, how- 
ever small, to the characteristics of that society. 


Development of Abilities and Skills 


Intellectual abilities and skills have been described as the develop- 
ment in pupils of a facility for problem-solving, for critical thinking, 
and for reflective thinking. Whatever label is actually applied to this 
purpose ofscience teaching, possession of it becomes apparent if 
pupils can take action to find appropriate formation and techniques 
from their previous experience and bring them to bear on new pro- 
blems and situations. That pupils are able to take action in new situa- 
tions means that they are able to some degree to analyse and under- 
stand the new situation, that they have knowledge of those methods 
which can be readily utilized, and are able to discern the relations 
between their previous experience and the new situation. Possession 
of the necessary manipulative skills is clearly of considerable value in 
the solution of practical problems. 


To Provide Work for Leisure 
With the development of the manipulative skills the pupils learn to 


_ improvise scientific apparatus and experiments and pick up different 


scientific activities from different scientific hobbies and science club 
programmes. This helps them to make use of their leisure time by 
making things of common use, i.e., ink, soap, candle, phenyle, cosme- 
tics, bootpolish, chalk-sticks, etc., and initiate creative and exploratory 
projects. These activities provide to children the opportunities for 
profitable use of leisure time. 


Training for Better Living 


The students of science should know the laws of health and hygiene 
and should be given training in healthful living. From the knowledge 
of physics and chemistry, they can know the usefulness of ventilation, 
Morning walks, Sun-rays and vitamins, etc. They should be taught to 
take care of the body and to improve their surroundings, thereby 
improving the standard- of living. They should know the ways and 
means of prevention and eradication of diseases and should be able to 
adjust themselves with their own domestic, social and physical 


esutonmuent and the economic, social and cultural conditions of the 
country. ` 


Providing Basis for Vocational Career 


_ Science forms the basis for many courses and career of purely voca- 
tional nature thus Preparing the children for many professions, e.g., 
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Engineering, Medicine, Agriculture, Architecture, Aeronautics, Dairy 
and Textiles. d 


In addition to being an integral part of general education, the 
Science teaching at the secondary stage should prepare the students 
for some vocation and specialisation in the individual subjects. A 
different type of knowledge, skills and training should be given to 
pupils in accordance with their choice to go to higher studies or some 
other profession mentioned above. 


Scientific Appreciation 

Scientists of all races and of all lands have disclosed to all of us, 
the mysteries of nature. “Our efforts should not therefore be confined 
to the teaching: of understandings alone because the elements of 
admiration, emotions and intellectual pleasures cannot be altogether 
easily discarded."? Again: “Adjustment to the situations encountered 
in modern living are not made on the basis of cold factual applications 
alone, but also with feeling and emotion. Each adjustment situation is 
a complex of feelings, attitudes and understandings. It would seem 
then that a background of appreciations which are peculiar to science 
Should become one of tlie desired outcomes of instruction in this area." 
The content in science if developed in evolutionary manner would 
reveal the fascinating historical and biographical incidents of great 
scientists, stories of scientific romance, and adventures, etc., which 


provide for emotional satisfaction and develop emotional depth. 
Appreciation cannot be taught as such. It develops from understandings 
and attitudes, History of science, biographies of scientists and impact 
of modern science on human lives provide ample scope for apprecia- 
tions. Thé capacity for appreciation enables the pupils to realise the 
significance of various discoveries and their impact on human life and 
society, to value the sacrifices and painstaking efforts made and hard- 
Ships undergone by scientists in the course of their discoveries, to get 
excitement and thrill at every scientific achievement, to show eagerness 
to convey their job and thrill to others, to shows respect and admira- 
tion for great scientists and to realise the importance of science in 
human progress, 


B. Behavioural Objectives in Physical Sciences: 
Objectives and the Daily Lesson 


The science teacher who wishes his pupils to develop scientific atti- 
tudes of truth, honesty, questioning thoughtfully, examining criti- 
cally, open-mindedness, and suspended judgement, and who plans his 
daily lessons accordingly, cannot himself be rigid in his interaction 
with individual pupils in the class. To state in the lesson plan that 


6. Narendra Vaidya, Problem Solving in Science, S. Chand & Co., p. 47. 


7. Heiss, Obourn and Hoffmann, Modern Science Teaching, McMillan Co., 
ch. 2,1961, p. 34. 
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alone. The teaching of science for critical thinking should be carefully 
planned along with the content. Burnett? states the following teaching 
objectives that are required for the development of critical thinking: 
To work with our students in such a way that they increasingly?, 

1. Discover problem situations. 

2. Delimit problems into workable proportions, 

3. Think critical hypotheses. 

4. Collect relevant reference data. 

5. Gather experimental or observational data. 

6. Work cooperatively. 

7. Recognize personal bias and opinions of others and consider 

them in making judgements. 
8. Communicate effectively and with accuracy. 
9. Consider the limitations of both data and conclusions. 


10. Recognize the applicability of scientific methods to non-science 
problems. 


11. Recognize the universality of cause-and-effect relations within 
the framework of probability (the uncertainty principle). 


There is a general practice to give less attention to the objectives of 
a science lesson than to the content, aids used or methods of teaching. 
A science teacher should at least know why he is teaching a particular 
lesson. If he does not know, the lesson takes the form of either a 


& Burnett, Will R., Teaching Science in the Secondary Sch LN 
tinchart and Company, 1957, pp. 176-77. ool, New York, 


9. Washton, Nathan, S., Teaching Science Crea'ively in Seconda, Sch 
W.B. Saunders Co., Philadelphia and London. Pru 
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may be in the form of pencil-paper test, observation of pupil behavi- 
our by the teacher, anecdotal record or any other device fit for 
measuring or evaluating the degree of growth in the development of 
an objective. 

The National Society for the Study of Education in Americal? . 
employed the following criteria in formulating objectives of science 
teaching: 

1. Is the statement practicable for 
Does it develop logically from a simp 
Does progress toward the developme 

2. Is the statement of the objective psychologically sound? Is it 
based on accepted principles of learning? 


_3. Are the objectives possible of attainment under reasonable con- 
ditions? Are they suitable to the various levels of development in a 


class of Heterogeneous learners? 
4. Are the stated objectives u 
Society? 
5. Are objectives avoided that are limited by geographical, religious, 
racial, and political considerations? 


the classrom teacher? Is it usable? 
le step to the next step and so on? 
nt of the objective actually occur? 


niversal.for all groups in a democratic 


Classifying Objectives in Science Teaching 

Unless the Science Teacher studies the various categories of science 
objectives before planning instruction, the tendency is to teach only 
for the understanding of the scientific idea or concept. Since the newer 
Science prógrammes have been emphasizing other objectives such as 
problem solving, science inquiry, open-mindednes, open-ended experi- 
ments for critical thinking and scientific attitudes, the skills in labora- 
tory for inductive and deductive reasoning, stimulating interests and 
appreciations of science via scientific projects, research and challeng- 
ing demonstrations, it will be helpful to categorize science objectives. 


This may. reinforce the objectives of teaching other than the mere 
learning of content which frequently is given for purposes of memori- 
zation. 


Some courses of study list general and specific objectives. Others. 
s, pupil attitudes, behavi- 


state them in terms of content, teacher aim 1 
Ours, or needs. For a more thorough preparation of daily lessons, unit 
. plans, and syllabi, the following categories may serve as a guide to the 


teacher. 
A. Functional information or facts about such matters as: 


l. Our Universe—earth, moon, sur, stars, sky, weather, seasons, 


etc. 


10. Neona] Society for the Study of Education: Science Education in 
merican Schools, Forty, sixth Year Book, Part J, Chicago, University of 
Chicago Press. 
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The nature of matter—atoms, elements, compounds, etc. 
Energy—sources, types. 


Contributions of Science— radio, television, telegraphs, satellites. 


B. Functional concept, such as: 


n 
2. 
3. 


Space is vast. 
The earth is very old. 


All matter is probably electrical in structure. 


C. -Functional understanding of principles, such as: 


l. 


bo 


Changes in the seasons and differences in weather and climate 
depend largely upon the relation of the earth to the sun. 


Energy can be changed from one form to another, 


All matter is composed of single elements or combination of 
elements. 


D. Instrumental skills, such as ability to: 


nf wn o — 


See e 


8. 


Read science content with understanding and satisf; 


action. 
Perform fundamentai operations with reasonable accuracy. 


Perform simple manipulatory activities with science equipment. 
Read maps, graphs, charts,, and tables and to interpret them. 
Make accurate measurements, readings, illustrations, etc. 


E. Problem-solving skills, such as ability to: 
ERO , 


Sense a problem. 
Define the problem. 


Study the situation for all facts and clues bearing upon the 
problem. 


Make the best tentative exaplanations or hypothesis, 
Select the most likely hypothesis. 
Test the hypothesis by experiments, 


Accept tentatively, or reject the hypothesis and test other 
hypothesis, 


Draw Conclusions, 


F, Attitudes, such as: 


1 
2. 


Open-mindedness — willing to consider new facts. 


T ntellectual honesty— scientific integrity, unwillingness to com- 
promise with truth as known, i 
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3. Suspended judgement—scientific control, withholding conclusion 


until all available facts are known, not generalizing from insuffi 
cient data. j 

Appreciations, such as: 

(1) Appreciations of the contributions of scientists. 

(2) Appreciation of basic cause-and-effect relationships. 


(3) Sensitivity to possible uses and applications of science in 
personal relationships and disposition to use scientific know- 
ledge and abilities in such relationships (scientific attitudes). 


H. Interests, such as: 
1. Interest in some phase of science as a recreational activity or 


2 


hobby. 
Interest in science as a field for a vocation. 


Psychological researches suggest that students must be taught basic 
facts and how they can be related to the development and understand- 
ing ofa major idea or scientific principle. It cannot be assumed that 
all students have the ability to synthesize the facts and put them toge- 
ther to 'spell out' a principle or a law. A few students may have this 
ability to transfer and connect the various parts to the whole idea. In 
general, the science teacher should provide laboratory situations, anec- 
dotes, demonstrations, research and other learning activities that will 
help to develop the students ability to synthesize and to integrate 
specific facts into basic understandings. Some students may need to 


‘be shown how this can be done. 


Statement of Science Objectives 

Whether one teaches a science course in Physics or Chemistry at 
secondary school, it is helpful to state the objectives for a given 
course and to select the most appropriate materials and procedures for 
effective teaching to develop these objectives. The following objec- 
tives were adapted from those that appeared in the Forty-sixth Year 
Book of the National Society for the Study of Education. 


I: 


2. 


4. 


Growth in functional understanding of scientific phenomena that 
are part of the child's environment. 


Growth in development and understanding of scientific concepts 
and principles that function in children's experiences and help 


to explain them. 


Growth in the use of manipulative, experimental, and problem- 
solving skills which are involved in investigations in the area of 


science. 1 
Growth in the development of vocational and avocational 
interests in Science. L 
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5. Growth in such desirable habits and attitudes as open-mindedness, 


7. 


intellectual honesty, suspended judgement, and respect for human. 
dignity. 

Growth in appreciation of the contributions and potentialities of. 
science for the improvement of human welfare and in apprecia- 

tion of dangers through its misuse. 

Growth in those moral and Spiritual values which exalt and 

rectify the life of the individual society. 


The goals which appear in the Fifty-ninth Year Book of the National 
Society for the Study of Education in Part I, which, in addition, lists. 
appreciations, attitudes, and specific abilities or skills such as: 


. Reading and interpreting science writings. 


Vocating authoritative sources of science information. 
Performing suitable experiments for testing ideas, 

Using the tools and techniques of science. 

Recognizing and evaluating assumptions underlying techniques 


and processes used in solving problems. 

Recognizing the pertinency and adequacy of data, 

Making valid inferences and predictions from data, 
Expressing ideas quantitatively and qualitatively. 

Using the knowledge of science for responsible social action. 


Seeking new relationships and ideas from known facts and 
concepts.11 : 


The following is the list of objections that can be used in teaching 


physical sciences: 


1. 
2: 
3: 
4. 


11. 


To provide students with the necessary knowledge, skills and 
attitudes in order that they may: / 

Understand the world of physical nature, and be able to interpret 
natural phenomena. 

Have some appreciation. of the background of the civilization 
which is our heritage. 

Understand thé Social, economic, and Spiritual forces at work in 
Society and develop a sense. Af secial-responsibility.- A 


- Gain a better understanding of the meaning and Purpose of life 


and a truer sense of values. = 


I articipate more effectivel in i ^ on 
r ' In.solving.probl S 
society. y. ing -pr em of contemporary 


Maintain and improve health and share in the ibili 
i responsibil 
protecting the health of the community. p c 


National Society 


tion, 1960; p. 4. for the Study of Education: Rethinking Science Educa- 
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8. 


17. 


Attain an emotionally stable personality and make a worthy 
social adjustment. 

Utilize a scientific approach in solving problems dealing with 
society and human welfare.  : 

Be better fit for family and marital relationship. 

Communicate effectively through oral and written expression. 
Develop a code of behaviour based on ethical principles. 
Recognize the interdependence of the different peoples of the 
world. 

Recognize and accept one's personal responsibility for fostering 
international understanding and peace. 

Appreciate the best in literature, art, and music, including drama, 
the dance, radio and motion pictures. 

Discover their own abilities, aptitudes, and interests and choose 


a vocation. 
Understand the place of the consumer in society and to learn 
to become an intelligent consumer of goods, services and time. 


The above objectives are stated primarily in terms of behaviour 
changes that students are expected to undergo in a gradual manner as 
they acquire additional knowledge, skills, and attitudes. 
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METHODOLOGY FOR TEACHING 
PHYSICAL SCIENCES 


Demonstration Approach for Teaching Physical Sciences 


For quite some time it was considered possible to teach science by 
chalk and talk method, lecture method. Alongwith this some provision 
is made for practical work to be done by students in the Jaboratory. 
Generally it is found that there is no s.nchronisation of the experi- 
mental work which students are doing in the laboratory and the 
theory which is taught to them in the class. In this way the teaching 
of Physical Sciences tends to be boring because the charm of learning 
of physical sciences through experimental work is lost. 


Another way to teach Physical Sciences is to let the students of 
science make as many experiments as possible, and let them do 
experimental work in small groups. However, sometimes, it is not 
possible to let the students make experiments themselves. Time may 
be too short or the material required may be too expensive. Under 
these circumstances classroom demonstrations may seem to be the 
„appropriate sciution. Demonstrations are effective and motivational 


too. They are essentially helpful in creating interest of the pupils in 
the lesson. 


Demonstration method consists of presenting and making clear 
the subject-matter to the students, by performing experiments before 


the Students. The teacher performs the experiments with the active 
cooperation of the students. 


Tn our country the problem of indifferent teachers is most acute. If 


all the teachers are trained in the art of demonstrations then we may 
have dull teachers but we will not have dull lessons. 


Demonstrations— When? 
The Demonstrations could be used: 


l. to introduce a topic, 

2. to pose a problem, 

3. to make Some quantitative measurement, 

5 to perform experiments beyond the ability of the students, 


to motivate students. 
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Demonstrations —How? r 


There are a few basic conditions which must be satisfied for a. 
successful effort. 


(1) Special Demonstration Apparatus: The first requirement of 
classroom demonstration apparatus -is that it should be large enough 
to be seen clearly by all the pupils. For example, a meter should haye 
lines of scale division of at least 3 mm thick, and the whole instru- 
ment must be of the corresponding size. Generàlly, 3 to 4 times the size 
of the ordinary classroom apparatus would be good enough for this. 
purpose. Electrical meter should be large enough and dial size 6” 
should be appropriate. : 


(2) Large and Spacious Classrooms: It is often found, that the space. 
in the classroom is not quite enough. For a class of 30-40 students, a 
classroom of 60-70 square meters should be sufficient. Adequate pro- 
vision of light, water and electricity is needed. 


(3) Demonstration Table: The size of the demorstration table will 
depend upon the size of the classroom. For ordinary classroom (60-70. 
Sq. meter), a table of 7.9 feet in length and 23-3 feet in breadth should 
be sufficient. This table should contain.all the necessary, electrical 
water and gas supplies. It would be better if all the Switches of light 
in the room are on or near the table, so as to enable the teacher to 
control the lights as he wishes. The advantage of this arrangement 
would be that the supplies would not obstruct the view of the class 
Sometimes the shape of the table could be made either semi-circular 
or slightly curvilinear. The additional advantage would be that the 
teacher can reach all parts of the table with equal facility. There 
should be proper illumination on the table. Special electric lights 
or window arrangement should be made on the ceiling above the table 
So that the visibility of that area is increased. 


(4) Use of Demonstration Kits: At the school level, several sample 
kits (Physics, Chemistry) prepared by N.C.E.R.T., New Delhi, are 
available which can be profitably used in the demonstrations. A good 
kit is capable of a large number of experiments. These kits are quite 
‘simple in design and highly instructive. 


Useful Hints for Improving Demonstrations 
The following are useful hints to improve demonstrations: 


1. Draw a large-scale drawing of the apparatus employed j 
demonstration work. Before starting the denen M us 
function of each part is to be explained. 


2. Try to involve as many students as Possible in conducti 
: : uci 
experiments. This way they would feel involved in Di SAT 
ments. , j 
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3. Always remember that the demonstration is for the students and 


not for the teacher. The students in back row as well as in the 
front row should be able to see what is going on. 


4. Be honest to accept the mistake if the demonstration fails for 


tA 


any reason. Or try to convert that failure as a problem to the 
students. This will inculcate the habit of honesty and inte- 
grity in the students which is one ofthe prime purposes of 
Science teaching. 


Try to involve the students into discussion, whenever the 
opportunity presents itself during the demonstration. 


6. Do not be silent for long intervals, while conducting the experi- 


ments, or adjusting the apparatus. Silence on the part of the 
teacher distracts the attention of the students. If nothing is to 
be explained, tell them simply what you are doing. 


7. Do not place all the pieces of the apparatus on the table in à 


confused way. The apparatus to be used and the apparatus 
which had been used, should be kept on theleft liand side and 
right hand side of the table respectively. The demonstration 
table should present a well-ordered scene. 


8. Try to use as simple an apparatus as possible. 
9. Give a clear statement of what you are to do and what the 


students must look for before starting the actual practice. 


10. Make a series of the demonstration beforehand, only then you 


will know whetheror not all the parts of the apparatus are 
functioning properly. Should the apparatus need some adjust- 
ment or repair, this should be immediately run into. 


11. Perform the demonstration at the appropriate time. If itis 


shown too early then the class would be unprepared to appre- 
ciate its importance. On the other hand if it is delayed too long 
this would diminish its effectiveness. 


12. Make sure that the demonstration is not done too fast. Children 


13. 


Pu secondary stage need time to grasp the full meaning out 
of it. < 

Choose an appropriate colour for the apparatus. A black disc, 
rolling on a black inclined plane, on a black coloured demonstra- 
tion table against a black chalkboard shows nothing. Try to 
use bright and contrasting colours. You may even have to colour 
various parts of the same apparatus for better visibility. 


Limitations of Demonstration Experiments 


1. Only a few pupil can actively participate in any one demon- 


Stration. Thus a demonstration often becomes teacher activity 
rather than a student activity. i 


2. Without the use of large apparatus, demonstrations are often 


not visible to the whole class. Teachers tend to neglect the back- 
benches. 
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3. Students may miss the main purpose of the demonstration and 
the details of the apparatus used. 


4. It is quite a frustrating exercise if the experiment fails for one 
reason or the other. 
Relative Merits of the Demonstration and Individual Methods 

Demonstration work, however, links up with individual work in 
many ways. Demonstrations point out the correct use of the apparatus: 
In individual experiments the pupils learn methods of manipulation, 
and the scope and limitations of the apparatus. In a demonstration, 
the teacher shows how to control the variable conditions, how to 
avoid accidents and breakages and in general, how to secure signi- 
ficant results. When experimenting, the pupil should be encouraged to 
initiate the teacher’s method. At first he will be handicapped by lack 
of experience, and it is only by constant practice that he will gain 
the necessary skill. After his own failures, an intelligent pupil will 
realise his limitations, and in future observe the demonstration methods 
with more care. 

The demonstration lesson is instructive for all pupils, it is parti- 
cularly helpful to weaker pupils, who are thereby given opportunity 
for appreciating and learning the fundamental priciples of Physics 
and Chemistry, Less scope is however, -offered in demonstrations 
for observing and recording unusual changes. In addition, physical 
tests especially that of smell and colour changes must be done indi- 
vidually. It is, for example, almost impossible to describe in words 
the difference in, smell between chlorine and hydrogen’ chloride. 

" These gases must be tested personally by the pupil and, therefore, as 
it is inadvisable to spare the time with a large class to call up indi- 
viduals to* the demonstration bench, the pupils themselves must do 
the experiment. Small quantities of the gas, usually a solution in 
water, may be put, into a test tube and plugged lightly with cotton- 
wool. The test tube can then be passed round the class. ; 

Individual approach is preferable in a demonstration, since the 
pupil may himself plan an investigation, carry out the necessary 
experiments to solve the problems, develop his manipulative skill and 
psychologically satisfy his own demands for activity and for getting 
first-hand personal information. 

Problem-Solving Approach to Physical Sciences 

This approach enjoys the highest prestige, as compared with other 
approaches of teaching science among science teachers all over the 
world. It is another thing that teacners find difficult to apply it in 
the classroom and laboratory for teaching their lessons. 

Meaning: Problem-solving is a process of raising a problem in 
the minds of the students in sucha way.as to stimulate purposeful 
reflective thinking! for arriving at a rational solution. The elements 
1. Reflective thinking: Training in scientific method—this will involve scientific 

attitudes of mind, habits and skills. 
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seem to be involved here: a situation, a goal or an end involving 
some aspect of the situation for which no ready-answer can be given 
and a desire or motive that stimulates an attempt to find the answer. 


Problem-solving takes place when a problem-solver accepts to 
solve it as well as when his previous experiences or patterns of beha- 
viour are insufficient to enable him to provide an acceptable solution. 
In such a case, solution becomes possible only when he acquires new 
knowledge upon relationships which have not been seen before. 


Problem-solving method: Problem-solving takes place as soon as 
the problem is perceived bythe problem-solver and is aimed at to 
Teach the goal stated by the problem. The problem is supposed to 
be not only new but also at the same time, there is supposed to be 
DO direct solution available to the problem-solver at the time of its 
presentation. Moreover, it is also assumed that the problem-solver 
possesses the basic information needed to Solve the problem. A 
method, which employs this approach is called the problem-solving 
menga or sometimes, the scientific-method for teaching of Physical 

ciences, 


Stages in problem-solving: In the classroom situation, problem- 
solving can be viewed in two phases, namely, a way of thinking and 
a way of teaching. If problem-solving is considered a joint or coopera- 
tive venture, it is then possible to identify the following stages: 


(a) Problem Survey—analysing a potential problem situation for 
items to be studied. 


(b) Problem description—ptoviding a clear statement of the prob- 
lem to be studied. 


(c) Problem discussion—making sure that the students understand: 
what is involved in the problem. 1 


(d) Problem limitation—isolating those parts of the problem that. 
can be attached profitably. 


(e) Planning for action—preparing suitable hypothesis for investi- 
gation. 


(f) Further analysis and limitation--tentative testing of hypothesis 
to identify those most likely to yield a solution, 


Steps involved in Problem-solving Method 

Setting the problem; 

Defining the problem; 

Analysing the problem for solution; 

Collecting the data for all possible clues; 
Interpreting the data; 

Formulation of tentative solution or hypothesis; 
Selecting and testing the most likely hypothesis, 


DOR Ni 


no 
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8. Drawing conclusions and making generalizations. 2 
9. Application o^ generalizations to new situations. 


. 1. Setting the Problem: The setting of the problems for study is very 
vital to the success of learning and should be carefully planned by the 
teacher. A cooperative approach may be used in which the teacher 
Opens up the field for investigation and suggests places where problems: 
may exist. Another methed of setting the problem is to demonstrate 
Some experiments in such a way so as to raise questions and problems. 
Some characteristics of a good problem are given below: 


The problem should be suited to the maturity level of the students. 


Problem should fit in the curriculum. 
It should be interesting to most of the students. 
Problem should be possible of solution with materials at hand. 


2. Defining the Problem: The students now define the problem in a 
concise, definite and clear language. Students may write down the state- 
ment of the problem which may be read and discussed in the light of 
the characteristics of the problem given above. 

3. Analysing the Problem for Solution: The analysis of a problem is 
an essential step towards securing information bearing on its solution. 
When the single major factor in a problem situation has been isolated, 
further analysis should reveal the key words or ideas for solution. 

4. Collecting the data from all Possible Clues: The teacher suggests 
Teading references about the problem. In collecting the evidence 
bearing on the solution of the problem, the pupils will be called upon 
to use as, many devices such as textbooks, ficld-trips, experiments, 
models, graphs, moving pictures, etc. Each of these devices calls for 
a special set of skills for which pupils must have guidance and 
Instructions. ] 

5. Interpreting the Data: It is a very important and at the same 
time a difficult step as it involves reflective thinking. It should be clear 
at the outset that this aspect of problem-solving behaviour is not a 
Specific but a complex of many skills and abilities. In approaching the 
Question of how children may be taught to make reasonable interpre- 
tation of data, it is essential to break the large areas down into simpler 
abilities and then to consider ways and means of getting classroom 
Situations for developing these. The students may be asked to arrange 
and organise the data and then be asked to analyse the evidence to find 
out if there are any similarities and differences in the results. 


6. Formulation of Tentative Hypothesis: Following the analysis of 
the data the students list all the inferences whichcan be drawn. The 
hypothesis is an assumption or proposition whose tenability is to be 
tested on the basis of the compatibility of its implications with, 
einpirical evidence and with previous knowledge. A good hypothesis 
Should explain existing data in simpler terms and should be stated as 


Concisely as possible. 


AON 
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9. Application of generalisations to New Situations: It is essential 
that the students should supply the generalisations to new situations 


Limitations 


1. This method is time-consuming, when we use this method, the 
ground to be converted has to be sacrificed to the accomplish- 
ment of certain other outcomes, 


2. No textbooks written On these lines are available. 
3. Gifted teachers, who can employ the method efficiently are not 
available. 


Now an example will be given to’ illustrate the application of the 
method in the teaching of physical Sciences, 


Illustration of Problem-Solving Method 


A cylindrical coil of insulated wire is taken and the ends of the wire 
in connected to a small bulb. Now à bar magnet is rapidly introduced 
in the coil. It is kept inside the cylindrical coil for some time and then 
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2. pos does the bulb glow when the magnet is withdrawn from the 
coil? 
3. What is the source of current due to which the bulb glows? 
4. Why does the bulb not glow when the magnet is inside the coil 
but is not moved? 
5. Why does the bulb glow for a short time only? 
Some more questions may be asked depending upon the situation. 
As the students are unable to answer the above questions, they are 
faced with problems. 


Defining the Problem 


The students decide to find out reasons for what they have seen. 
They are asked to define the problem in a concise, definite and clear 
language. The students may define the problem in the following way: 


l. Study of the source of current in the coil when a magnet is 
introduced in it. ; 

2. Study of the source of current in the coil when a magnet is with- 
drawn from it. 

3. Study of the reason why the current produced in the above cases 
is only for a short time. 

4. Study of the other sources due to which such current can be 


produced. $ 
5. Study of the reason why there is no current when the magnet is 
inside the coil but it is not moved. 


Analysis of the Problem 

The students note down the key words and phrases in the stated 
problem which furnish clues to its solution. In the above problem the 
key words are “Source of current when magnet is introduced or with- 
drawn” and “No current when magnet is stationary inside the coil”. 
Other key words are “‘Current is only for a short time". These words, 
‘phrases or sentences give a clue that source of current is somehow con- 
nected with change in the magnetic field. 


Collection of the Data for all Possible Clues ' 

The students consult some textbooks and they may decide to go on 
a field trip. The field trips may be planned to some power stations 
Where they will be able to gather information as to how electric energy 
is produced or electromotive force is developed due to change of 
magnetic flux. They will also be able to see some transformers. 


They may perform some preliminary experiments themselves some ` 
of which are given below: 
A cylindrical coil of insulated wire is taken and the ends of the wire 


are connected to a sensitive galvanometer. If a magnet is introduced 
or withdrawn from the coil, there is a deflection in the ‘galvanometer, 


30 TEACHING PHYSICAL SCIENCES IN SECONDARY SCHOOLS 


If the magnet is introduced or withdrawn Tapidly, the deflection is 
greater. 


deflection in the galvanometer is Opposite. When the key is pressed, 


Interpretation of the Data 


Now the Students arrange and organise the data, They note down if 
there are any similarities in the results, some of which are given 
below: 


I. introduced in the coil magnetic lines of force 


When a magnet is 

Passing through the coil increase and deflection in the galvano- 
meter is noted which means that an induced e.m.f. is produced. 
2. When the coil, connected witha battery is introduced or its key 
is pressed, the Magnetic lines of force Passing through the coil 
Connected with galvanometer increase. [t is found that again 
there is a deflection in galvanometer or an induced e.m.f. is 


produced. 
3. When magnet is withdrawn from the coil magnetic lines of force 


decrease, Deflection in the galvanometer is seen showing that an 
induced e.m f, has been developed. 


6. If the magnet is introduced or withdrawn Tapidly, deflection in 
the galvanometer is greater, [ 


After the data have been collected and interpreted, the hypothesis 
are formulated, some Of which are given below: 


1. When the number of magnetic lines of force passing through a 
closed circuit decreases, an induced e.m.f. is set up in the circuit, 
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2. When the number of magnetic lines of force passing through. 
à closed circuit decreases, and induced e.m.f. is set up in the 
circuit. 

3. The direction of current at the time of increasing the lines of 
force is opposite to the current produced while lines of force are 
decreased. es 

4. If lines of force passing through a coil are increased, or decrea- 
sed rapidly, e.m.f. produced is greater. 

5. If the number of turns in secondary coil are increased, induced 
e.m.f. is greater. 

- 6. If the number of turns in secondary coil are decreased, induced 


e.m.f. is greater. 


Selecting and Testing the Most Likely Hypotheses 

Here, through discussion, it is made clear to the students, that, unless 
during one experiment only one factor is varied, and others are cont- 
rolled, the cause of e.m.f. or the factors on which e.m.f. produced 
depend cannot be known with confidence and final conclusions can- 
Dot be drawn. Now the students may perform the following experi- 
ments, 


Apparatus to be Used 

A cylindrical coil of insulated wire, a battery, a key and long 
Teheostat are all connected in series. This coil is called primary. 
Another cylindrical coil of larger diameter than the first is connencted 
to a sensitive ammeter. This coil is secondary. A stopwatch is used to 
Note the time. 


FIRST EXPERIMENT ; 

The primary coil is placed inside the hollow space of the secondary 
Coil. The key is pressed and current in the ammeter is noted. The slid- 
ing piece of one rheostat is moved from one end to the other and 
Current in the secondary is noted by the ammeter. The time taken in 
Moving the sliding piece is read from the stopwatch. The sliding piece . 
iS moved with different speed and every time the current in the 
Secondary coil and the time taken in moving the sliding piece is noted. 
It will be found that the induced current or induced e.m.f. is propor- 
tional to the rate at which sliding piece is moved or the rate with 
Which the lines of force passing through the coil are increased. In this 
‘experiment sliding piece is moved to decrease the resistance or increase 
the current in the circuit. 


SECOND EXPERIMENT 

The key in the primary coil is openend. It will be seen that the 
‘Current produced is opposite to the direction of current produced in first 
experiment and so the ends of wires connected to the binding screws 
‘of the ammeter are changed. The current is noted by reading the 
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ammeter. Now the sliding piece of the rheostat is moved with s 
Speeds from one end to the other, and the time taken in do 
piece, and current produced, are read in each case. Each al of 
ing piece is so moved that the resistance of the circuit is pap ane of 
Current in the circuit is decreased resulting in the decrease of li ge 
force. Again it is found that the induced current or induced TR x 
proportional to the rate at which sliding piece is moved or Ee in 
which sliding lines of force passing through the circuit decrease. 


: e 
both the above experiments the number of turns in the secondary ar 
kept constant. . 


THIRD EXPERIMENT 


e the 
changed. First of all 7; turns are taken in secondary, and note th 
current when the key of th 
of turns in secondary coil 


When key is pressed. Similarly, for several values of turns in secondary 
Coil, current is read when 


pressed. It is found br. 
ing the number of turns 


Drawing conclusions and making Generalisations 
Now the following conclusions or 


1. When the number of magnetic lines of force or magnetic fur 
passing through a coil in Circuit alters, an induced eim.f. is Se 
up. 


generalisations are drawn: 


Applications to New S. ituations 


The students now Study the application of t 
, induction coil in which 


produced by rapidly 


HOOES: , 
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From the above discussion, it is quite clear that problem-solving/ 
Scientific method involves a definite and set procedure of attacking the 
Problems and finding their solution. The process of building up a set of 
Principles through problem-solving techniques in an inductive process 
while the application of the principles to new situations isa deductive 
Process in nature. Hence problem-solving method is also called induc- 

. tive-deductive method. 

From the standpoint of learning, this method is very valuable as all 

the laws of learning find their application in the process. This process 
is also better from another point of view, as it is much easier to remem- 
ber a given fact of truth when it is related to some broad generalisa- 
tion than to remember it as an isolated element. 
. The example given above to illustrate the method clearly shows that 
it is not necessary to abandon the prescribed course while applying 
this method but much of the present prescribed course can be taught 
by scientific method with a shift of approach. It is true that this method 
is time-consuming but even if some experience of this method is given 
to the students at different times in one year, they will be of an 
immense value. 


HEURISTIC APPROACH FOR PHYSICAL SCIENCES 


As early as 1790, Priestley suggested that Chemistry should be 
introduced as an educational subject, and that teaching methods should 
‘be based on investigation so that pupils themselves discover the facts. 
Pestaiozzi, Herbert Spencer and Rousseau were the other advocates of 
Similar teaching methods. According to. Herbert Spencer, children 
Should be led to make their own investigations and to draw'their own 
inferences. They should be told as little as possible and induced to 


discover as much as possible. i l à 
The term Heuristic comes out of the Latin word heurisco which 
means ‘to find out’. Prof Armstrong defines heuristic method in the 
following way: *Heuristic method is à method of teaching which 
involves our placing the students as far as possible in the attitude of a 
dered that Chemistry lessons should be 


disco ." Armstrong consi r 
made up of définite tasks. These should be in the form of problems 
il works out experimentally. 


Which each pup! 
Principles of Heuristic Method? 
cience lesson should be in the form of an inquiry. Work is 
hen it sprin:s from a desire to- know from our own 
nite thing, concerning which our curiosity has been 


Every s 
Scientific only W. 
knowledge some defi 
moved. 

Knowledge. 
tion. The pupil, 
in the position o 

2. Newbury, NF» Teaching of Chemistry in Tropical Secondary Schools, Oxford. 

University Press. 


is only useful when it is obtained from personal observa- 
rarely, if ever, uses a textbook and he should be put 
f an original discoverer. 


f 
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on the valuable and strong on 
change it into brittle dust. They are interested to find ou 


i i i ici e its own 
murder (something outside the iron), or suicide (changes on it 
accord), 


ork should be introduced quite early in the 
course, í 
, s- 
lt must be noted that Armstrong’s methods are ogcasionally mis 
understood, His idea is not that the pupils should discover the 
of a reaction 


but that they should fi 
s 


nd the general conditions under 
Which it occur. 


kn 
th gh, 
apparatus and chemi 
the basis of learning, 
natura] phenomena, 


Techniques of Applying Heuristic Method , 
Problem is set in the class and each Child is made responsible for 
finding out the solution for himself, The child can acquire information 
Tom different Sources. Th Some guidance from the 
i given by the teacher. The 
rk themselves. However, the 
o much from the Students. He should try 
to elicit everything from the Students 


The 
orou 


cals. Independent and individua 


l endeavours are 
Interest js aroused in common 


objects, as well as 


S methods, which 
raracter. The peculiar a vantage of 


8 research worker 
Of the experienced Tesearch Worker, 
Carrying out experiments under Similar conditi, ns, 
Criticism 


The. method cannot be applied to the discovery of fund 
physical and chemical laws. These 
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unsuitable in these days when general principles are taught. Again some 
Pupils are familiar with more chemical facts than others. In a practical 
Problem, some know the result before the experiment is begun. For 
*xample, in one school, parallel classes which had completed two terms 
Were to begin experiments on the composition of water. A written test 
Was given asking which elements are present in water. Twenty-one out 
of sixty knew that water was made up of oxygen and hydrogen and 
Seven pupils knew its formula. 

. Probably most criticism centres round the idea of putting the child 
In the’ position of an original discoverer. Theoretically, this idealistic 
scheme is attractive, but it is not possible in practice. 


Merits 

The following are the merits of the method: 

1. It develops the power of observation and pupils gain confidence. 

2. The method develops the power of reasoning ability and inter- 
preting the data correctly. 

3. It cultivates manual dexterity and habit of handwork is encour- 
aged. 

4. Learning is through direct experience, it is more effective. 

5. The facts learnt are retained for a longer time because they are 
the results of children's own efforts. f 


"Difficulties and Limitations in the Present Situations 

l. As the students at the school level are immature it is too much 
to expect from them that they can discover everything by them- 
Selves, 

2. Textbooks, guide books and teachers’ guides written on these 
lines are not available. i i 

It requires a well-equipped laboratory and library. 

4. Very slow ‘progress can be made in the classroom teaching and 
so the present syllabus cannot be covered in time. 

5. Only qualified and trained teachers can apply this method 
successfully. 

6. Weak students may feel difficulty and copy the observations of 
bright students. 

7. Problems presented should be carefully graded and the maximum 
easy to difficult should be followed strictly. Problems should be 
interesting. All this demands hardwork and skill on the part of 
the teacher who is already loaded in our schools. 


PROJECT-METHOD 


In lecture-demonstration and Laboratory and Problem-solving 
methods individual approach is made. Either the student takes an 
active part, or the teacher is the main figure. Individual student's 
approach is important because opportunities are Provided to students 


a 
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to learn in accordance with their individual differences. This would 
permit a student to progress through the work at his own rate. 


It may be pointed out that when the individual approach for teach- 
ing Physical Sciences is used extremely, many socialising values of 
discussion and group work are lost. This deficiency is fulfilled by the 


Demonstration method is based on the Principle of ‘iearning by 
observation’. Laboratory method is gove 


. two cardinal principles of laboratory method along with third 


The last principle clearly signifies the fact that man is a social animal 
who cannot learn in isolation, but always learns betterin a group Or 


'A Project isa problematic act carried to completion in its natural 
setting. In order to foster the qualiti i i 
' Opportunities of group activities should be afforded to the class during 
the course for the completion of the project. 
‘A Project is a 


/ wholehearted purposeful activity proceeding in a. 
Social environment’, i 


By analysing the above definitions we come to the conclusion that a 
Project ha: 


3 some purpose and it requires planning beforehand. The 


Purpose is achieved in a social or à real, natural environment created 
in the school, 


A Child is the centre of all activities for a school, e.g., curriculum 
and he should be Provided with a democratic atmosphere so as to 
think independently in order to acquire knowledge. 

The above defin 
ed in Project Met 
problem should 
Students plan up 


itions providea brief idea regarding the Steps involy- 
hod. The teacher poses a problem to the class. The 
be correlated With actual experiences of the children, 
- and complete the Selected activity in natural and Social 
Setting. At the end Pupils evaluate themselves and record the whole 
procedure involved in completion of the project under the guidance of 
the teacher, 3 ? 
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Steps Involved in a Project 


l. Providing a situation: The teacher.should create situations fully 
of. scientific enquiry that the students may be tempted to pick up and 
Solve the problems. This is an important/step which will motivate 
pupils to take up the project willingly as their own. 

.2. Selection of a project: When the students become interested to 
pick up and solve a problem, the teacher gives a number of alternative 
Suggestions for the selection of a project suitable to their understand- 
ing level and other mental capacities. Discussion follows among stu- 
dents under the supervision of the teacher who makes the purpose of 
the project clear to them. 

3. Planning: Teacher initiates the discussion among students through 
Suitable questions for the execution of the project. Pupils discuss the ' 
plan under the guidance of the teacher who informs them about good 
and bad points of the plan in accordance with the need. After finalisa- 
tion, the students write the method decided upon by them for the 


execution of the project. 

4. Execution: The whole class is divided into a number of groups, 
depending upon the activities involved in the project. Each group 
Selects a leader who is responsible for the completion of a particular 
activity assigned to him. The teacher assigns the work to each student 
according to his capacity and interest. The whole work is supervised 
by the teacher who guides, encourages and watches the progress of. 
Pupils and gives instructions from time to time. , 

5. Evaluation: In order to check whether the objectives of project 
have been achieved or not, a review of the whole project is carried 
Out by pupils in order to know the mistakes committed by'them. This 
gives an idea of the extent to which the success has been achieved. 


6. Recording: Students may be advised to record a brief summary 
Of the project right from the very beginning to the completion for 
füture guidance. They should also note down the mistakes committed 
during their evaluation. « 

. In short, the project method makes a teacher open up a new area of 
investigation and the class then organizes itself into small groups to 
investigate the various problems which have been defined. Each group 
Selects a group leader who becomes responsible for the work of the 
group. Various groups then carry on whatever activities seem valuable 
or the solution of the problem at hand. From time to time the class 
is assembled by the teacher for general instructions or for hearing pro- 
@ress reports from the various groups. At the close of the unit, the 
class assembles to h.ar the group reports, see important demonstra- 
tions, pictures, slides, to take part in the discussion and the organisa- 


' tion of the material. 
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Role of the Teacher 


Project, the teacher should have a complete 
idea regarding the Standard, averag 


Previous knowledge of the students fr. 
bility. Tne teacher should be full 


Illustration of Project Method 


i e 
_ The teacher will demonstrate to the students how to emphasise th 
Importance of air in daily life. 

and another of air, put two pu 
€ep them before the class. After 


ake up the study of air. Discussion 
teacher through suitable question 
rent units of the project, class yr 
opic under the following sub-units: 
l. Air has weight and it exerts pressure. j 


Importance of air pressure in daily life. 


Simple instruments which Work on the pressure of air. 
Determination of the composition of air. 


Classical experiments of 
volume of oxygen in air. 


Combustion, respiration and rusting. 


y: Photosynthesis; relationship between Tespiration and photo- 
Senthesis Co, cycle. 
8. 


Air as a source of energy in nature. 


Class will be divided into eight groups or so depending upon the 
number of students and sub-units of the topic. Each group will have 
a leader, responsible for the activity. Students wil] be guided to con- 
sult reference books and Periodicals. They Should go to a library 
where they will learn the use of index cards to search Out’ books and 
develop the ability to use books effectively so as to secure exact 
information. 


Priestley and Lavoiser to determine the 


S. 
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Boys will be asked to collect information, prapare charts and 
models, collect pictures, secure first hand information by experiments. 
Teacher. keeps a close watch on students so that they are not led 
astray. He guides them and assembles the class from time to time to 
check their progress. 


In the evaluation of each project, the group leader submits the 
Teport, presents chart, model-picture, etc., and performs the experi- 
ments, if any, before the class. 


4 


LABORATORIES AND KITS FOR 
PHYSICAL SCIENCE 


In designing Physical laboratories for high school the major consi" 
deration to be borne in mind is that 


the lay-out should be flexible 
The patterns of physics and chemistry teaching and changing an 
Tigid design, which may be suitable f 
found inconvenient in the futu 
be looked for. On some 


ET. 
smaller clear areas are wanted for ripp! 


+ and the final arrangement of the laboratory should make 
all of these possible, 


ations can be Overcome by providing 2 
laboratory, Which 


arrange. 
"TABLES! è 
Tables may be large and 


1. AMA, AAM, ASE, Teaching 
London. 


fixed or small and mcvable, 
of Science in Secondary Schools, John 


while a 
Murray, 


| 
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combination of both sizes is often used—convenient sizes for tables are 
Aft. 2ft. for movable ones, or, if larger tables are preferred, 5ft. > 4ft. 
whatever the final choice is made, one fixed bench, preferably along 
the windowed side of the laboratory, is most useful. The table tops 
should be flat, with an overlap of 2 in. to 4 in. all round, and in an 
‘elementary laboratory it should be 2 ft. 10 in. from floor to table top, 
the legs being stout to ensure rigidity. There is a general opinion that 
‘cupboard space below tables should be avoided, but that a single 
row of shallow drawers, is valuable for storage. Setback drawers allow 
writing in comfort and permit tbe easy use of bench clamps where 


apparatus has to be held rigidly. 

In many schools the pupils carry around a considerable number 
of books and satchels of various sizes. If these are deposited on the 
floor of the laboratory they are a nuisance and can even be the cause 
of accidents, If a shelf, the same size as the top of the bench, is pro- 
vided with a gap of around 8 inches between the top of the bench and 
the shelf, this space can then be used for the storage of books. 

When fixed benches are being considered for a laboratory it would 
be worthwhile for the physics teacher to examine some of the pro- 
Prietary products which are now coming on to the market. For 
example, one particular manufacturer is producing octagonal benches 
Which give a good working area and have the advantage | of incorpo- 
Tating a considerable amount of storage space, including provision 
for long pieces of apparatus, and designed with Nuffield Physics in 
view. Apart from the considerable disadvantage of being fixed 
benches, with the attendant lack of adaptability, they give convenient 
working positions. They can also be used with trolleys designed to 
fit the spaces between them and to give large area working surfaces. 
Benches based upon metal framework are also commercially available. 
SERVICES 


A. Water: Two or three sinks will be found adequate for a physics 
should be located on side benches and well 


laboratory and these 
separated from each other to allow simultaneous access by groups 
of pupils. Sinks are often too small and 24 in. x 18 in. x 18 in. deep 
should bea minimum size. One of these sinks should be provided 
with a hot water supply and this is conveniently done by a sink 
heater. 

In any area the taps must be fed from a tank, because of irregular 
water supply and sometimes because of insufficient nressure to operate 


filter pumps. 
B. Gas. If gas points are fitted to working benches these should be 


recessed in order to leave a clear working surface, but it will usually 
b: found sufficient, where movable tables are used, to have gas. points 
on the side benches only, and to move tables up to these when gas 
is needed. In the majority of experiments in which gas has to be used 

it is possible to arrange that one gas supply will accommodate two 


s 
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or more groups: of pupils, and the provision of gas points in physics 
laboratories has tended to be excessive in the past. 


C. Electricity, Low-voltage Supply is an essential requirement Tos 
a physics laboratory, Besi es allowing pupils to perform with et 7 
all the elementary experiments in the study of electricity, it will a te 
find applications in Other parts of the work, for lighting low- volans 
bulbs, for operating ray-boxes, etc. The voltage must be variable 1 
Steps, and a current of 3-4 amperes must be available at each working 
point. Both A.c. and p.c. Supplies must be Possible; Occasions may 
arise when it js desirable to have both of them at the same time. 


It has been the standard Practice to supply low voltage rona 
central unit, either of a rectifier type or from batteries. This metho 
is subject to the following limitations: . 


1. 


experiments. Similar voltage 
groups switch on. 


2T requires a complicated installation to make different voltage 
available at different points, 


3. The current to be Supplied from the installation may be of the 
order of 60 amperes and fuses or out-cut Switches are a neces 
sity. S Cosa 

4. Ring-main wiring is not satisfactory and small groups of work- 
i s t be 


Ing spaces must be wired directly to the supply by cable of 
adequate size, This becomes an ive i i 


> zd I . D.C. are simultane- 
ously available where this is required and the Voltage can be selecte 
and adjusted according to requirements. This syst i a 


ill be Decessar 


particular attention to the number of main Y to pay 


E Ower points avail. 
but even where the central supply System is used, there ; Hiro 
increasing demand for main power points as the vari 
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needing such power is growing with the new apparatus coming into 
use. 


STORAGE 

Storage of apparatus is a serious and growing problem and the 
Storage provision in the majority of schoo] physics laboratories is 
quite inadequate. Schools using the Nuffield apparatus in particular 
Tequire the space to store a considerable quantity of bulk ‘equipment 
and, as stocks are built up, there is a steadily increasing pressure 
upon space which might have been thought previously to be sufficient. 


A combined preparation room and store is certain to prove un- 
Satisfactory and it is strongly recommended that teachers of physics 
Should insist on.the provision of storeroom of generous size in addi- 
tion to a preparation room. A storeroom which is merely a large 
Cupboard is not sufficient and an area of at least 400 sq. ft. is. requir- 
ed, but it could well be larger. 

The apparatus to be stored will vary in size and in shape; there 
Will be sets of small pieces of apparatus, magnets, ebonite and poly- 
thene rods, etc., for which shallow drawers are convenient, and other 
Sets of apparatus of slightly larger size such as ray-boxes which require: 
Tather deeper drawers. It is suggested, therefore, that one wall of the 
Storeroom should have cupboards containing trays of three different 
depths. Such trays enable the whole volume ofa cupboard to be 
utilised, whereas the conventional cupboard with a shelf uses only a 
fraction of the total volume for actual storage. 


A convenient system is to have trays of depths 1$ in. 3% in. and 
5% in. A normal cupboard door is fitted in front of the trays. 


Plastic storage trays are now available and are a cheaper alternative 
to the scheme illustrated, although not possessing the same versatility. 
The relative cost and convenience of the two systems should be exam- 
ined while making a decision. ' 

A tray system can also be extended to cupboards in the laboratories 
and in the preparation room which will permit the storage of a larger 
amount of the smaller pieces of apparatus in a comparatively small 
Storage volume. 

Shelves with adjustable spacing should be fixed above the cupboards 
in the storeroom. Provision must also be made for the storage of 
radio-active materials and care must be taken to ensure that this com» 
plies with the official regulations for these materials. 


BLACK OUT 
For most of the work in physics a dim-out is satisfactory and gives 


‘More pleasant working conditions than a complete black-out. Venetian 


blinds are simple to use, provide a rapid dim-out with contro] of the 
illumination of the laboratory, allow windows to be left open to give 
Satisfactory ventilation in summer and give a sufficient degree of 


S 
44 TEACHING PHYSICAL SCIENCES IN SECONDARY SCHOOL 


darkness for almost all the work in optics and for many of the visual 
aids. Unfortunately, experimental work on colour requires compli 

arkness to be really satisfactory and darkness is also needed for the 
showing of films. This complete darkness can be provided by using 
blinds running in frames over the windows. The most satisfactory 


In any laboratory in which complete black-out is to be used arrange- 
ments should be made for satisfactory ventilation, A room contain- 
Ing a complete form and having all windows and doors uer. 
comes unpleasantly hot and humid in quite a short time. Efficien 
and reasonably silent extractor fans should be fitted to all laboratories 
In which black-out Will be used 


VISUAL AIDS 


, The range of visual aids available is increasing and find application 
In physics teaching. Consequently, every laboratory must bs provide 


With a suitable Screen which is convenient to use and can easily be 
Temoved when Not in use, 


2. It occupies a considerable amount of s 
available for practica] Work by the class. 
3. The height of the bench adds to the di 
Pupils to get a clear view of demonstrations and th 


rear ranks have an uninterrupted view and 
Sitting on benches or standing on stools. 


P 
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demonstration bench should be of the same height as the other 
benches in the laboratory. n 

It is also recommended that a bench in the form of a broad L shape 
Should be considered in place of the standard long bench. This has 
the following advantages: 

1. It does not occupy such a large working area of the laboratory. 

2. The whole bench is more compact, is within more convenient 

reach of the teacher and avoids the necessity of his moving from 
end to end to demonstrate. 

The bench can be made in two sections with a space into which a 
trolley will fit. 

Apparatus can be set up beforehand on the trolley ready for the 
demonstration and wheeled into position when needed, and, if further 
demonstrations are to be given the first trolley can be removed and 
Teplaced by others when they are required. If a flap is made which 
will fit across the trolley space this will.enable a continuous flat surface 
to be obtained when this is needed. This flap can be hinged or can be 
fitted on to supports on the side of the trolley space; it will also serve 
the purpose of supplying a writing-space for the teacher. The solid 
sections of the bench should be supplied with drawers for storage of 
frequently used small items of apparatus, and it is suggested that one 
of these should be a long shallow drawer to accommodate wall-charts, 


etc. 
At least two double main points should be available. 


Advanced Physical Laboratories 

Since the laboratory will bé used by smaller sets it could well be 
somewhat smaller in size and 750 sq. ft. is probably adequate. The 
smaller size also removes the temptation to time table junior forms in 
this laboratory as well; the advanced laboratory will contain more 
expensive and more delicate apparatus and there is a considerable risk 
of damage occurring if junior forms are followed to use it. 


Even if schools possess a science library, reference books must be 
available in the laboratory to cover each branch of the subject. These 
will be used during practical sessions; if a display area is provided 
outside the laboratory the bookshelves can well be made part of this, 


General Points 
1. tem of locks on doors, cupboards and drawers will requi 
SUL attention. Locks tend to be fitted on far too au 
drawers and cupboards; which provide no real security, can nor- 
mally be forced open with ease and most of them are unnecessary. 
A few cupboards should be lockable, but there seems little point 
in having a different key for each one. Too often a new labora- 
tory contains a large number of locks with a multiplicity of 
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keys, and this means that either the'keys are left permanently 
* in the locks or else a carefully labelled key-rack is needed. A 


master-key which will Open any cupboard or drawer in emer- 
gency is also required, 


prominent position in each laboratory. This is satisfactory for 
most timing purposes in the laboratory and avoids the extensive 


the demonstration bench are useful. Leads can be taken to a 

i j urface of the demonstra- 
tion bench, and With the use of Shunts or resistances currents 
and voltages of all Sizes can be clearly shown. 


4. The floor of a physics laboratory must be solid and free from 
vibration. Board floors are particularly unsuitable in this respect. 


e 3 ) ch may assist those 
who have the Opportunity of experimenting. 


Dual-Purpose Laboratories 


tical work would 


the whole f 
the general science work of one form Whole o 


The essential requirements for a dual-purpose laboratory appear to 
be; : j 


2. AMA, AAM, ASE, 


Teaching af Science in Secondary School, 
tay, London, 5; John Mur- 


P X 
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Large working space, 
generous storage accommodation, 
- flexibility of furniture arrangements, 

4. adequate equipment. ; 

In view of the many uses of the room, the planning becomes largely 
a matter of finding the most generally suitable to differing require- 
ments. For this reason special fittings of all kinds must be considered 
With exceptional care, particularly in cases where they might interfere 
With the conduct of work for which they were not specially designed. 


Accommodation shouid be: planned on a generous scale, and the 
Science master should press for the largest possible area, square or 
almost. square in shape. The department of Education and Science 
figures for bench width and elbow room should be regarded as absolute 
Minima and every attempt should be made to make passageways as 
Wide as possible. It is a safe guiding principle to reduce as much as 
Possible the distance which a student will have to move in the course 
Of his work. i 

If any laboratory designed for tue teaching of more than one branch 
Of science, it is desirable to allow adequate bench space for reserve 
Purposes, If the laboratory is being used for a physical experiment then 
the reserve bench can be used to store biological material‘required for 
the next lesson, Such bench space is also useful for storage of appara- 
tus for experiments which cannot be completed in one period. Some 
teachers prefer wide shelves for this purpose. 

The following general remarks on the requirements for dual-purpose 
laboratories may be added: 

1. Some provision for demonstration is essential. In the absence of 


a lecture room this may be met by the provision of a demonstra- 
tion bench. The fittings need,not be elaborate, but should in- 


clude supplies of electricity, gas and water, a sink, and a cup- 


board, 

2. It is desirable to have one or more benches fixed to the wall. The 
room should also contain movable tables of the same height. The 
tables could be rearranged or joined to the benches as required. 
Two benches might be joined end to end by a removable or 
hinged flap. Such arrangements of furniture, while suitable for 
physical and biological work, are not suitable for chemistry. 


3. The height of the benches is a real difficulty. It seems that the 
best solution is to make them rather lower than is usual for 
physics and chemistry and rather higher than is usual for micro- 
scope work, with a corresponding adjustment in the height of the 
stools. The height of the pupils using the furniture must also be 


borne in mind. 


4. The problem of storage is likely to be acute and needs very detail- 
ed consideration. Adequate and convenient storage joue are 
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valuable but they do not solve the problem. There must be 
Storage space in the laboratory as well. 


The number of sinks. required depends largely on the use to 
which the laboratory will be put. A safe method would be to 
arrange the number of sinks to suit the subject needing them 


North lighting, with the windows coming down to bench level 
and reinforced by top lighting, is helpful for biology work, an 
at least one clear wall would be useful for Simple experiments in 
mechanics. ; 
There should be Provision for the use of films, lanterns, epidia- 
Scopes, radio and Possibly television. 


go beyond them. 


Any mishap, for example, cut, burn, Chemica] Substance in 


mouth or eye, or on clothes, must be Teported to the teacher at 
Once. 


i Breakage and faults in equipment must be Teported immed iately 


to the teacher, 


Loose and obscure labels must ‘be I€ported to the teacher at 
Once. (This will avoid mistakes). 


- It is essentia] to make sure that the name On a label is exactly the 


Same as that of the Object or substance required for Particular 
experiment. 


Bottles must never be held by the neck or Stopper. 


3. Saunders, H.N., The Teaching of General Science in Secondary Schools, 
p. 274. 
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9. Stoppers from bottles should be removed in the proper way and 
replaced at once. A stopper must always be put on the right 
bottle. There is otherwise a risk of introducing impurities and of 
causing an unwanted chemical reaction. 

10. The smallest convenient quantity of a substance is all that should 
be used in any experiment. It is economical. 

ll. A substance taken into mouth accidentally must be spat out at 
once and mouth washed out with water. 

12. Nothing should be tasted without definite instructions from the 
teacher. 

13, Acid or Alkali on skin. or on clothing must be washed off at 
once with plenty of water. 

14. At the end of an experiment, apparatus must be left clean and 
tidy in the place where it was found. 

15. Solid objects must not be putintoa sink. There is danger of 
blocking the water-pipe. : 

16. Wastage of gas, water and electricity must be avoided. When 
supplies are not in use, all taps and switches must be turned off. 


It is economical and risk of accidents is also reduced. 
17. The laboratory, working benches and tables and equipment must 
be left clean, neat and tidy before leaving it. 


Importance of Science Kits for Teaching Physical Sciences 

onomy of the country it may not be possible for 
ual laboratories for teaching science sub- 
s, therefore, become necessary to devise 


for demonstration and experimentation 
d portable form which can 


In the present ec 

Some time to provide individ 
jects at the school stage. It ha: 
Certain kits where all facilities 
are available to the teacher in a compact an 
be used in any classroom. 
s a science mini-laboratory. It serves the functions of. 
ped laboratories are not available. Tt 
contains all the items required for various experiments and demonstra- 
tions suggested in the textbook or teacher's guide. In fact a resourceful 
teacher can do much more than described. 

For some experiments there are certain items which can be procured 
locally and their cost is very low. For example the teacher may need 
items like thread, a sheet of paper, a pencil, sand and a few stones, etc, 
Which have not been provided in the kit. Such items are not difficult 
to get from the local surroundings. 

The school science experiments can be grouped under two headings: 


Demonstrations and Pupils’ Experiments 

For demonstrations usually only one set of single apparatus i 
required whereas for pupils to conduct experiments the Merl hee a 
be 15-20 in number so that a small group of pupils can petri the 
experiments simultaneously. 


The science kit i n 
a laboratory where well-equip 


he 
another, if necesan E 
a base and a raised platfor t bigh 
i e teacher’s table is no 


; " keep in mind 4 
While Preparing demonstrations, the teacher Should keep in m 
few important Points: 


the equipm 


s H early 
€nt and its arrangement are cl 
upils, 


Tn all the demo. 
tial. It helps the t 
experimentation 
facilities for pupi 


Pupils is highly essen- 


for 
1* same time Bives them a chance 


; p the 
1s Particularly Important in-cases where: 
Is? SXperiments are Not available, 
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TECHNOLOGY OF TEACHING 
| PHYSICAL SCIENCES 


Teaching aids, often known as ‘visual’ or ‘audiovisual’ include the 
*piscope, micro-projector, film-strip projector, television, and silent 
Or'sound tilm projector. 


Optical Aids 
The main types are; 
l. for moving pictures, 16 mm sound films, 8 mm silent film loops, 
television (including closed circuit), and videotapes, 
2. for still pictures, 2 in. x2 in. slides, 35 mm film-strips, over- 
head film projector, episcope, microprojector, charts and 


models. 

Recent developments and improvements in light sources and optical 
Systems make it possible for these optical aids to be used in day light 
in a normal classroom or laboratory. Some shading or ‘dim out? is 
Often desirable but blackout is not always essential. In this way the 
Use of aids may be integrated into lessons with minimum departure 
from normal class conditions. 

The screen should be so placed in the laboratory or classroom that 
all pupils have a full and convenient view of it. Generally there are 
a few good positions but the one chosen, determines to some extent, 
the type of screen that should be used to obtain the best results. 


The screen surface determines the angular distribution of the reflect- 
ed light. If a high proportion of the incident light is reflected back 
With little scatter then the angle of satisfactory viewing will be narrow, 


Matt white screen surfaces reflect light uniformly in all directions 
and are suitable in conditions where the audience must be seated in a 
Wide block in front of the screen. They are usually cheap and may 
even be formed on an area of matt painted wall. Beaded screens reflect 
a very high proportion of incident light but are directional, that is, 
most of the light is reflected back within a small angle of about 30°, 

uch a screen should be used in a long narrow room. Silver screens 
behave in a way very similar to a beaded screen. Perlux screens are 
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Projectors 


, jector, 
Some film loop Projectors, e.g., the technicolour 800E project: 
embody a built-; jecti 


. Many Projectors 
Picture to be held on th 


It is advisable that the Persons permitted to use the projector should 
receive training in its handling an i 
essential for 
‘mechanism should be kept free fi 
Sional servici 


The projector should always be stop- 
ped if there is ‘loss of loop’ o. i 


igher than they otherwise 
Would be. Rewinding may be done by hand on a rigidly fixed re- 
winder, or on the Projector. It is advisable to 
sorie; 


have a number of acces- 
S, such as splicer, spare lamps, and. spools, and a simple tool kit 
will b, If the machine has to be moved about, extra 
lenses of different focal lengths may be necessary, 


` In 
It is import: 
with precisio; 


1. AMA, AAM, ASE, Teaching of General Science in Secondary So 
Murray, London. 
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experiments which cannot normally be demonstrated in the laboratory., 
It can assemble and correlate illustrations of general principles widely 
Separated in time and space. The film may also be used to show the 
Telationship between scientific studies and their practical appreciations 
in social and industrial life outside the Classroom. Time-lapsed photo- 
graphy enables growth of many crystals, and other slow chemical 
changes, to be recorded. While fast moving changes and high-speed 
mechanism may be shown intelligently by high-speed photography. 
animated drawings provide, the science teacher with perfectly drawn 
and moving diagrammatic illustrations. Modern animation techniques 
can be used to a great effect for emphasis and exposition, cartoon films 
being of a particularly valuable application. 


The science films have immense potentialities both for scientific 
Tesearch and teaching, particularly in its ability to demonstrate experi- 
ments which may be difficult to carry out in schools. The teacher 
Should see and study the film before using it in a class. It should be 
introduced naturally and without fuss, and not to interrupt the normal 
tempo of the class. Excellent teaching notes are provided with many 
"Science films. 


Films as Illustrations 

A short film may be introduced into a lesson to illustrate a parti- 
Cular point in much the same way as a lantern slide, book illustration, 
or chalkboard drawing might be used. 

Film Lessons A film may be used as the basis ofa lesson for its use, 
‘the teacher should have a detailed knowledge of the content of the 
film, and should plan the lesson around it. The exact procedure follow- 
ed may vary with each film and with the teacher’s individual methods. 
‘Certain general principles should, however, be observed if the maxi- 
mum yalue is to be derived from any film lesson. 

1. The teacher should spend a proportion of the lesson period in 

discussing the content of the film, in relating it to the work the 
class is doing, and in pointing out details worthy of special 


notice. 


2. Carefully ch 
test the pupil's grasp o 
tion in detail. 

Many teachers conclude the lesson with a second showing of the 

film, This method ensures that the film is effectively employed as a 


teaching instrument. 


Many films try 
be designed to prese 
illustrations. The main 


osen oral and written questions should be used to 
f the content of the film and his observa- 


to cover too much ground; the lesson film should 
nt a single theme in bold outline with practical 
object to be observed in each sequence should 


2. AMA, AAM, ASE, op. cit. 


' . The film 

e centre of the photographic framer a in 

Should be as Short as Possible, simple and attractively p. 
Order to awaken youthful curiosity at an early stage. 


jscussion 
film lesson makes use of discus jl 
* proportion a. shou 
achers’ mind. The revision ne use 0 
of extraneous matter, and should make Ditulation- 
diagrams, anq changing viewpoints for emphasis and recap 


en 
n wid 

- Documenta Y and genera] Interest ioe ear lesso 
he ‘bac ground of Scientific Studies either Y inclusion in 

or by general Viewing in the Sch 


/ h 
i hroug 
cience teaching can be achieves aa 
ced and carefully-chosen progr extensive 
cumentary films based on industria] and Social themes. An 


men 
S, made under expert Supervision by ove 
€partments and industrial bodies at home and abroad, is now 

€, man them free loan, 

activities ang 


ast 

i cialis 

on The relationship between temen 
he genera] Pattern of living, the romance and exc 


eye 
Other techniques, may all be eon der 
- The cinema, Which uses an idiom readily tic an 
Stood b he youthful mind of Oday, has Considerable drama muc 
realistic Possibilities. Re nabjy employed, these can contribute 

to the background and intellec, 


tual atmosphere or Scientific work. 


i S 
hich are suitable for any schoo] purpose. Thy 
i watt or 1000 watt lamps, are provided om 

eat filters and Cooling f; at no damage js caused to the fi trip 
i i Signed to take 35mm um to 

2" slides. Such materia] j i P and is convenien ith 

n 7 à film-strip can be run through w. 

- The single frame of th 5 


€ standard 35 mm film, viz., 24x 1 
Y adopted, 
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1, The operator is facing his audience the whole time while he is 
using the machine. The rapport between the teacher and thé 
pupils is not lost or interrupted as it often is if the teacher has 
to turn his back on his students to make use of a chalkboard. 


2. Continuous adjustment and alteration of the ‘picture’ is possible 
while the projector is in use. This means in practice that a picture 
can be built up and broken down under the eyes of the students. 
Lines, colours.and notes can be added or removed, and working 
models can be made to work without interruption in the exposi- 
tion. Slide projectors and film-strip projectors are inflexible by 
contrast with the overhead projector. i 

3. Projection of selected demonstration experiments is possible, so 
that the whole class can see. à 


4. Overhead projectors are designed to be used in daylight. 

Material for projection is set out on a plastic sheetor ona roll of 
Plastic. Material can be drawn free-hand, traced or produced by some 
types of duplicating and photocopying machines. The ease with which 
material for projection can be produced and the wide range of colour- 
ing and shading materials available make it possible to produce attrac- 
tive, and visually exciting teaching material. Once produced the 


material can be stored and re-used later. 


Film Loops 

. These are films of up to 4} minutes duration, and are used in pro- 
Jectors such as Technicolour 800 E. Each film is enclosed in a plastic 
Cassette and the two ends are joined to form a continuous loop. The 
Projector can be switched on immediately after the cassette is inserted. 


No black-out is necessary. 
As there is no sound-track, the teacher is able to give a commentary 
suited to the needs of any particular class. The films can be rerun as 
Often as is necessary and this can be particularly useful for revision 
f this type of film is that it-can be 


Work. The most useful feature o : s tha 
Shown in the middle of a lesson at the point where it will make the 
could be shown if required with- 


maximum impact. Several such films 
mportant that the teacher has first 


Out any time being wasted, but it is im 
made sure that the film starts at the right place. It must be stressed 


that the 8 mm cassette film can only deal with a very limited topic; 
and hence its function is different from that of the longer type of 
16 mm film. 
The Episcope/Epidiascope 

The episcope is used to, project an image ofan opaque object, e.g., 
a book illustration. Only a small fraction of light falling upon the 
Object (that scattered by the object itself) reaches the screen. The 
Screen image is, therefore, of low intensity and to improve it a high 
wattage lamp must be used and the room must be sufficiently darkened. 
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1 ilation is neces- 
To prevent Overheating of the Instrument good ventilation is nec 
Sary. In some models this is effected by motor-driven fans. 


ich can 
Picture is placed on a platform ME 
ould be capable of receiving bul Ie lens 
iscope is easy to construct if a suita 


able 
ined. An episcope and a film-strip Projector are prefera! 
to the large and heavy epidiascope. 


The use of Diagrams, Charts and other Aids 
Diagrams and Drawings 


Their 
£ descriptions of their observations and results 
note-books do not give a true Pict 

Neither are they of any use for 


Pictures instead of di 
ing the different part 


carly stages for an apparatus to be such 
In the drawing in exactly the same Order as it is arranged ‘on 
ench, ie, the sink should be on the right j 
Sketch and 


n chemical descriptions as figures ar 
Proportions, 


3. Newbury, N.F., Teaching of Chemistry in Tropical Secondary Schools, 
Oxford University Press. : 
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Large, clear and accurate drawings should be added whenever they 
make the answer easier to understand. J 


_, Pupils must realise quite early that diagrams must always be there 
for a definite purpose and that they are not always necessary in the 
‘description of an experiment. New apparatus should, however, be 
drawn in the note-books as soon as it has been used. In the prepara- 
tion of the different gases, for example, it is advisable to show the new 
‘arrangement of the different parts of the apparatus. 


Pupils should appreciate that scientific drawings are functional and 
not primarily artistic. The relationship between different parts of the 
apparatus should be clearly shown, and a pupil should be able to 
Interpret the specific use of the apparatus without difficulty. 


Diagrams and Charts for Laboratory Notice Boards 


Special advantages result from the use of diagrams, charts and 
models. A chart forms an esseitial part of the lesson when the subject- 
Matter is developed around it. It may be built up to summarise several 
lessons’ work, or it-may be introduced to bring out some theoretical 
aspect of Physics and Chemistry or it illustrates an industrial process. 


Diagrams and charts are of direct value for reference in class dis- 
Cussions. Diagrams should always be available for the working of 
Steam engine, of water pump, shapes of typical crystals; solubility 
curves; process of liquefaction of air, extraction and: purification of 
sulphur, fixation of nitrogen, manufacture of sodium carbonate, extrac- 
tion of metals, and the manufacture of sulphuric acid. Coloured charts 
Of the different indicators and their corresponding colours with 
different pH values, of flame-tests, borax beads, charcoal-block reduc- 
tion tests, mass spectra and precipitates in the qualitative group tables, 
may also be of value when teaching older students. 

Posters, advertisements and cuttings from periodicals can often be 
used to form instructive charts. These should be arranged and pasted 
on a large sheet to illustrate a special point such as the importance of 
chemistry in the home, local chemistry, or some special occasion, (e.g., 
the anniversary of the birth or death of some famous chemist). Pupils 
Should be encouraged to bring illustrations from books and magazines 


Whenever possible. 


Charts and Illustrative Material 
Science teachers should take advantage ofthe generosity of manu- 
factures to acquire up-to-date information, by making use of illustra- 
ted books, pamphlets, science magazines, charts, illustrations and 
samples. A greater part of such material is available free. Samples and 
ilable on loan from N.C.E.R.T., New Delhi, 


Special exhibits are ava J 
Ministry of Education and Social Welfare, Government of India, New 
Delhi and from the embassies of various countries, 
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. With this material the connection of science with the outside world 
1s made evi ent, a sense of reality is introduced and the utilitarian. 
value of the work done at schooi can be emphasised. 


Models 


Potassium chlorate, sodium bicarbonate, potesse 
nd chlorine may also be carried out effectively. 


Other Aids to Physical Sciences Teaching 


Besides the popular teaching aids, like charts, models, diagrams, 
Braphic representation, films, film-strips and slides there are son 
Special teaching facilities which are highly essential for the prope 


. Science club, ‘science 
among them, 


Science Clubs 


However, well-thought out a School syllabus may be, and however 
wide the range of interests catered for, each individual is likely to 

E his own special enthusiasm. This is true of teachers as well aS 
Pupils, 


atmosphere to quench his thirst for his interests, 


Objectives of Science Club 

Given the will and the resources, an ambitiou 
various categories of students can be developed. In 
the nucleus of science teaching and link classroom and 
the community. : 
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(i) To learn about science, science careers, and the opportunities, 
responsibilities; and important role science plays in our demo; 
Tacy. ‘ 

(ii) To explore interest and abilities of the members in relation to 
" the various fields of science. : 

(iii) To cultivate in members the qualities of personality, character, 
.. leadérship and scientific skills. 

(iv) To study the lines and influence of great scientists. 


Activities for the Science Club 


áü There is no fixed list of activities for 
bd Should be based upon the stu 
eher should throw varied ideas off an 
zu ideas and interests on his students. 
ould remain voluntary. 
The following activities are suggested? ‘ i 
l. Visual programmes in which lantern slides, 16 mm projectors, 
film-strip projectors or some other concrete visual aids are 


employed. 

2. School journeys. Visits to places of scientific interest such as a 
power plant, a mill, telephone exchange, weather bureau, city 
water supply, filtration plant, modern dairy, and museums are 
always interesting and help to create interest in science. 

3. Work periods. Some club meetings should be set aside for the 
members to engage in individual work such as doing experi- 
ments, preparing ‘demonstrations, or making posters and exhibits. 

4. Current events. Some clubs devote one meeting a month to 

reports and discussions of new developments in science as 

reported in recent scientific magazines and newspapers. 

Organising science exhibitions and participation in science fairs. 

6. Special speaker programme. Science clubs enjoy hearing occasion- 
ally, some expert or specialist such as a scientist, an engineer, a 
forester or a bee-keeper. 

7. Science debates and paper 
members on various topics 0 

8. Science question box. ' 


9. Science plays. 


science club. As far as possible, 
dents’ interest and aptitudes. A 
d on. He should not force 
Science club activities are and. 


in 


reading contents among the club. 
f scientific interest. 


. Science club activities can be so organised to help the community 
in various aspects. This is very necessary in Indian conditions. If it 
can cooperate with the local Gramsevak, many demonstrations on 
health and higiene can be given to the community. In cooperation 
with the Agricultural Extension Officer and officers in charge of adult 
4. Heiss, Obourn and Hoffman, Modern Science Teaching, " 

New York, 1961. 8g, Macmillan Co.; 
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ivities 
: s 3 1 ny activi 
and socia] education, the science club can undertake many 


> ication of many 
or the improvement of agriculture and for the eradication 
Superstit 


improvise 
ions and false beliefs. The Scieace club can "er 
Many apparatuses necessary for the laboratory which ot 
be very expensive, 


Organisation of the Club 


E sk being 
School Science club Should have teacher as a patron, ais a ask for 
to advise and encourage to approach the pm invitations t0 
Special facilities, and to supervise Correspondence and i 


Visitors, 


The Students Should 


" irman, 
elect from among their members a cha 
Secretary, treasurer and 


a committee, 


4. to Provide stimulation for scientific hobby pursuits, 


5. to offer an opportunity for display of scientific talent through 
exhibits and demonstrations, 


5. Jones, Norman R “Science Fairs —Science Education i 


n the Come 
munity”, Bulletin Se National Association of Secondary School Principals, 
January, 1953, 
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6. to develop the kabit of extra study and provide a useful méans 
of occupying their leisure. f 
Siac planning is necessary for the success of any science fair. 
EU committees have to work individually and coliectively for its 
3 Ee If different schools of the same locality collectively organise 
c ience fair it can be made more impressive to the public. Some of 
ior pubis and experiments suitable for science fairs: Chemical 
d m ains, boiling under reduced pressure, model for preparation of 
cids, formation of crystals, capillarity, charts, model—both stating 
d investigations make good exhibits. 


Working models of pumps, models of solar system, model of Galilean 
bjects, experiments in colour; spectrum, 


Measures for safety also. The ex 
artistic manner. The following are some hin 
. €nable them to present an effective display.9 - 

l. Besure to make the display eye-catching and attractive. It 
should be designed so that it attracts the viewer's attention. 

2. Make the display simple. Use an eye-to-follow design which 
can ‘shout out’ its message in five to ten seconds. Remember 
that most viewers will spend only a minute or two with each 
project, so be sure that they will have an opportunity to under- 
stand and appreciate the exhibitors’ efforts. Avoid the use of 
unnecessary decorations of scatter shot árrangements. 

3. The lettering should be large and simple. The titles should be 
short and descriptive and the narrative should be as brief as 
possible and to the point. It js best to use pictures, drawings 


and diagrams whenever possible. If the written description is 
long, it should be placed in a folder like a scientific paper, 
rather than attempting to place all of it on display. 

4. Select colours tastefully. A single shade for background colour- 
ing is better than white, which tends to appear vacant. Dark 
tones should be ua to secun e areas which are to be 

i rtain colour combinations are more a : 
dpt ee " jects than others. PPropriate 


for some type of proj X 
5. Effective use of lighting enhances a project. If lights 
to be used with the project, care should be taken that T dies 


light or glare shines into the eyes of the viewer. 
6. C.S. Rao (eda), Science Teachers Handbook, (p. 17), published by American 


Peace Corps, 1969. 
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* he dis- 
* 6. The name and the class of the exhibitor should be on t 
` play board. 


' ontrols. 
7. Certain Projects may permit the public to Lh S dd pro- 
Such controls Should be Sturdy in Construction an 
minently display full instructions for their use. 


: For 
x 5 zes. 
^ Asa sign of encouragement best items should be She criteria for 
this judges competent enough should be appointed. originality, 
evaluation ma be the scientific approach of the PRIUS value an 
technical skil] and Workmanship, thoroughness, drama a collective 
Personal interview With the exhibitor. If organised on maximum 
basis, shields also may be Presented to schools scoring 
points, i AO MS 
sipan 
The Judging criteria should be made wellknown to AE pus P 
- in a fair, ese criteria may even be displayed for public 
Scientific Excursions 


Scientific excur 


5 e 
necessary will, of course, depend on the age and technical knowledg 
Of the Students, | 


"ries 
D rural areas visits to farms, orchards and dairi 
Should prove equally interesting. 


The places 
Subject Stud 


: ; i ity should always be 
seums, if one is available in the locality-s l : 
encouraged, Useums are generally organised from a Simple educa 
tional point of vie 
ons. 


ientific i t to which such visits 
Some of the other places of scientific interes t ich s f 
can be planned are the telephone exchange, the radio station, botanical 
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oS zoological parks, an airport, a seaport, an observatory, water- 
TKS, and industrial exhibitions. 


fare previous planning and thorough preparation are quite essen- 
Doi dd the success of any excursion. While planning, a number of 
is an s are to be considered by the teacher. The strength of the party 
nu So ebortant factor. Below twenty-five will be a handy, convenient 
Aft er for one teacher. If there are more, more teachers are necessary. 
er being sure about the number of students, a study of the place to 
€ visited is to be made. A plan as to what is to be observed is to be 
Prepared. The teacher should go to the selected place before hand, 
Ocate the probable difficulties likely to be overcome, and make 
arrangements for meals, stay, etc., for the party. Different committees 
Can be constituted like the transport committee, food arrangement 
Committee, and entertainment committee, etc., to help the teacher. 
he whole group can be divided into subgroups and put under the 
Charge of a leader. Students should be asked to bringall the equipment 
Decessary for their comfortable stay, for taking notes and for. making 
Observations. 

During the action phase, when the pupils are on the spot, the 
teacher should see that all of them are busily changed. Haphazard 
Movements should not be allowed. Everything should be systematic 
and the pupil should get maximum advantage from the trip. Whenever 
difficulty arises, it is the responsibility of the teacher to help them by 
Way of offering suggestions and guidance with sympathy. Many quali- 
ties like sympathy towards living specimens, appreciation of nature can 
be developed through natural science projects. 

The last phase is the follow-up work. It is here that the excursion is 
Summarised. It may take the form of submitting a report on what they 

ave observed or arranging an exhibition on what they have collected. 
It is better that different groups of students are put in charge of each 
item like preserving, mounting, labelling, etc. If necessary a few objec- 
tive type tests can be administered to students to test if they have 


understood and grasped things or not. 


‘Scientific Hobbies 


. A hobby is something which helps in, 
inquisitiveness and creative faculties. 

It cultivates in the chiid a love for work and a desire to produce 
Something useful and serviceable. It should, therefore, be educative, 
recreational and profitable if possible. 

A hobby.is not à regular subject in the curriculum in schools. 
Specialarrangements have to be made to introduce some useful 
hobbies in educational institutions so that pupils get a chance to 
develop a taste for recreational work which-will widen their interests 


and outlook. 


giving an outlet for a child’s 
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Now more and more attempts are being made to give a technical bias 
to our education; a Science teacher can make a number of hobbies that 
bear directly on education in science. Pupils will be found only too 
enthusiastic, and will not grudge spending time and some money if the 


start. An attempt should be made to begin with one or two simple and 
inexpensive ones, To start too many hobbies will defeat the purpose, 
for the teacher will not have the time to give, effectively instructions in 
all of them. It would be useful if a class-wise list af hobbies is drawn 
Up. In this way Pupils will have acquired several hobbies by the time 
they have reached the highest class in the School, In the higher classes 
boys may be allowed to specialise in the hobby best suited to their 


mosquito cream; blackboard paints and chalk Sticks. Photography, í 
preparation of film-strips, slides and working models like that O 
Steam engine, fire and burglar alarm, and electrical devices such as 
Preparation of a working model of simple dynamo, an electric motor 
can also be included in the list of scientific hobbies for advanced level 


| : 6 


PLANNING PHYSICAL SCIENCES 
INSTRUCTIONS 


Good teaching includes the proper selection of content, formula- 
based on careful planning. The 


Won of objectives, organising activities, c 

ast factor, namely careful planning is Very important for the new 

pants in the profession of teaching, which will build confidence in 
m. 
The science teacher has abundance of things which he can use for 

classroom teaching. Proper selection of the material and the use of 

Various procedures, to be employed in the classroom, necessitate daily 

€sson planning. Consequently, the daily plan becomes an essential part 


Of classroom teaching. 
What is a Lesson Plan ? 


The term lesson was interpreted in different ways by different people. 


Generally, teachers take it as a work to be covered in a class period 
Which runs over 40 minutes or two to three periods. j 
Others define a lesson as a blueprint—a guide map, a plan or guide 
for action in the near future; a creative piece of work, a comprehensiva 
Chart for classroom teaching, a systematic, elastic approach for the 
development of concepts, skills and understandings. . f 
Thus in general, lesson plan is a guide for action which will help the 


teacher in presenting learning experiences. 


Uses of Daily Lesson Plans ’ , 
the task undertaken. Therefore, a 


(a) Planning provides direction to 
lesson Mn gives direction to the teacher and students for teach- 


ing and learning; ^ , i 
(b) While planning it becomes easier to select proper, adequate 


subject-matter, needed for particular age group; ' 
(c) The subject-matter can be easily organised in a proper and func- 
) tional way which will help in achieving the instructional objec- 
tives of science teaching; 
(d) Planning gives AP idea about the difficulties a teacher may fi 
during the development of the lesson. Therefore, all difficulties 
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can be anticipated while planning a lesson and their solutions can 
be incorporated at the planning stage. 


(e) Lesson plan develops confidence in the teacher and brings refine- 
-ment in the art of teaching. 

C^) Lesson Planning helps the teacher in visualising the needs of ae 
Students. ‘Students vary in abilities and interests, An effecti 
teacher attempts to plan for these variations, 

Factors Affecting Lesson Planning 


The nature of school, Urban or Rural. 
‘Umber of children in the class. 


Average age of the students, 
4. Standard of attainments, 
5. Children’s knowledge assumed by the teacher, 
6, Availability of teaching aids, 
7. Aims of the lesson. 
Writing the Plans 


General Information 
(a) Subject; (b) Unit; (c) Lesson/topic; (d) Class; (e) Age of Level of 
Children; (f) Time; (2) Date. 2 
(See Chapter II for details) 


Instructional Objectives as Learning Outcomes 
(a) General; (b) Specific. 


e fund of knowledge, 
(vi) To impart knowledge about the laws of natur. ii 
Pupils to some scientific apparatus, (viii) To acquaint students with 
Scientific inventions, natural objects and their utility, 


Specific: Specific objectives should be stated In terms of observable: 
student behaviour. One should not use undefinable terms or Statements 
like (to understand, know, appreciate and familiarise) but one should 
use measurable terms like the following in Stating the Objectives of 
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Y classify, to construct, to calculate, to select, to describe, to order, 
= Write, to distinguish, to design, to synthesize, to apply, to state, 
© determine, to analyse, and to evaluate. 
EXAMPLES | 
Topic : Dry Cell 
Objective (Vague): To make the pupils familiar with the dry cell. 
a, O Dlective (Clear): (i) To make the pupils able to construct/analyse a 
Ur cell, (ii) To make the pupils able to describe the working of dry 
With chemical equations.  ' Y 
EXAMPLES 2 


Topic: Hard and Soft Water 
Objective (Vague): (i) To make the students understand Hard and 
Sae waters (ii) To give the students the knowledge of Hard and Soft 
DUE 

so C Dlective (Clear): (i) To make the pupils able to distinguish between 
RO and hard water, (ii) To give the causes for temporary and perma- 
ent Hardness of water, (ii) To make the hard water soft, (iv) To 
€termine experimentally if the water is soft, temporary hard or 


Permanent hard. 


These specifications shoul 
and should be written in such specifi 
Measured. In writing objectives ones 
Ness, adequacy, and attainability. 
Previous Knowledge assumed by the Teacher: Development of the 
lesson is based on the previous knowledge of students. This knowledge 
Teserves as base for further learning. Therefore, relevant assumption by 
the teacher is a necessity for saving the wastage of time. 


Introduction (of the lesson): It helps in: 
(a) Reviewing the previous knowledge’of the students. 
(6) Providing enough opportunity to motivate the students. 
(c) Introducing the new knowledge. When a new lesson is being 
introduced, the teacher should try: to stimulate and generate 
lesson can be introduced by the 


pupils interest in the topic. A t 
help of an effective teaching and/or actual material. 


Announcement of the Topic k 
and effective use of teaching aids 


Instructional Aids; Proper selection à } 
epts of science. Aids should be 


Motivate students and clarify the conc OUSCIC 
used skilfully and at the right time. Their utility depends on proper 


handling. ; 

Procedure|Method: A variety of methods are used by teachers for 
teaching. In a lesson plan a brief mention of procedures gives an idea 
about the approach as well as the activities a teacher will undertake to 
Complete the lesson. While planning a brief lesson plan, procedure can 
Present a vivid picture of the whole lesson. 


d reflect terminal behaviour of the student 
c terms which can be observed and 


hould provide clarity, appropriate- 
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„Development of the Lesson: This comprises all teaching-learning 
Situations which involve: 


In science teaching the followi 
l. Demonstration 


2. By group introduction an 
arise. 


3. Relating scientific facts to daily life experiences of the students. 
4. Questioning techniques. 

5. Laboratory and demonstration method. 

6. From known to unknown. 

7. Posing a problem question. 


: tramary should be brief, precise 
and logical and it should cover all the Important points of the new 
knowledge presented in the lesson. It may be Of written sentences of 
varying importance, diagrams and tables. 


Assignment 


The nature of assignment should be such that it admits the scope for 
creativity and meets the interest of the pupils. 


LESSON PLAN 
Hydrogen Gas 
General Objectives Pi 
(i) To develop in students scientific thinking and Scientific outlook. 


> 
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e scientific method in science 


(ii) To make the students able to us 
ledge with the daily life of 


and to correlate the scientific know 
___ the students. : 
(iii) To develop in pupils the power of reasoning. 


Specific Objectives 
(i) To make the students able to prepare 
: laboratory. 7 
(ii) To make the students able to examine t 
gen. 
(iii) To develop the drawing skill of the pupils. 


Teaching Aids 

1 Woulf’s Bottle, Thistle, Funnel, glass tube, beehive shell, gas jar, 
a trough, zinc, sulphuric acid, litmus paper and water. A chart 
Showing the sketch of setted apparatus. 


hydrogen gas in the 


he properties of hydro- 


Previous Knowledge 
(i) The students already k 
the action of different aci 
(ii) The students have seen the filling of gas 
(iii) They are also acquainted with symbols, 


now that different gases are formed by 
ds on different metals and non-metals. 
in balloons. 

formulae and chemical 


equations. 
Introduction ! 
The teacher will introduce the topic with the help of the following 
questions: 
s in the balloons? 


e balloon vender filling ga: 


(i) Have you seen th i 
filled with that gas goes up 1n the sk; 


(ii) Why the balloon 
lighter than air. 
(ii?) Can you name the light gases? 


y? Gas is 


Simple Démonstration vr AEA 

.The pupil teacher will put zinc pi T st tube and a 
diluted H.SO.. He will bring a burning match stick near the mouth of 
losion wit! 


tics: 
(i) It is lighter than air. 
(ii) It is combustible. 
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Announcement of the Topic : 
Well students, we shall study the laboratory method of preparing 
Ydrogen gas and its important properties, 
UNIT I 


(a) Introducing the apparatus by putting suitable questions. 


Š E B i o- 
(b) Setting the different components together with the active € 
operation of the students. 


(c) Keeping in view the above two characteristics of the gas, what 
precautions would you observe while preparing the gas? 
Expected Answers (Statement of the Teacher) 
(i) The cork of the bottle should be air-tight. 
(ii) The apparatus should be kept away from the burning flame. 


(iii) The end of the thistle-funnel should remain immersed in the’ 
acid. 


UNIT II 
QUESTIONS 


(i) Why is gas being collected by the displacement of water? 


(i) Mention any Property of the gas associated with the above 
question. 


Expected Answers : 
(i) The gas is lighter than air. 
(ii) The gas is insoluble in water. 
The other Properties can be tested as follows: 


(i) See the gas in the jar and tell its colour. (colourless). 

(ii) Do you feel any smell? (no). i 

(iii) oe the gas with water and allowa drop of it to taste. (taste- 
less). 


Statement of the Teacher 


The teacher will tell the students that hydrogen (H 
colourless and is lighter than air. 


Experiment 

Drop a litmus paper (moistened blue and 
H, gas. There is no change in colour. 
Statement of the Teacher 


The teacher will tell the students that hydrogen Bas is neither 
acidic or alkaline. 


Blackboard Summary f 


A labelled diagram, chemical reaction, Precautions and properties- 
will be given. 


Chemical reaction 


Zinc+Sulphuric Acid = Zinc Sulphate+Hydrogen, 
Zn+H,SO. = ZnSQ.-+H, 


2) gas is tasteless, 


Ted) into the jar filled with 
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Precautions 
(a) Apparatus should be air-tight. 
(b) Apparatus should be kept away from burning flame. 
(c) The end of the thistle-funnel should remain immersed in the 
acid. 5 


Lab Preparation of hydrogen gas 


Zn-+dil. H.SOs Fig. 6.1 


Properties 
Hydrogen gas is colourless, 
It is lighter than air. `, 
It makes no effect on litmus paper. 
Uses 
It is used in filling balloons and airships. 
It is used in making ammonia. 
Reducing agent in laboratory. 


odourless tasteless, and combustible. 


Assignment d 
Prepare hydrogen gas in the laboratory by drawing a neat sketch 

of the filled apparatus. 
ties and uses of hydrogen gas 


Give some of the important proper 


for daily life purposes. 
LESSON PLAN NO. 2 


Topic: Air Pressure 


Objectives 
(i) To make the pupils clear that air exerts pressure from all sides 


through simple demonstrations. — 
(ii) To correlate this fact to their life situations and enable them 


to find its utility to new situations. 
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z ink 
(iii) To develop in pupils the power of observation and oe 
independently by creating situations through exper 
work. 


Teaching Aids 


Football bladder, balance, Medb 
^ tube (Cartesian-diver), Rubber- 
Flit-tin, punch-cork and boiled 


Previous Knowledge Assumed 
(i) The Pupil alread 
and food, etc, 
d TE way 
(ii) They also know that air surrounds them, Air is pushed a 
When they wave the hand. 
(iii) Properties of matte 
Tntroduction : fly a 
Well boys, have you ever flown a kite? It is very difficult to 
Kite if it is too close. 


If wind is blowing, it is easy. Why? 
Have you ever Peddled the cycle? Yes. 


Why is it easy to Sycle if you move in the direction of the wind, 
and difficult if you go in the opposite direction? if of 
, Put a wooden board on the table in such a position that ha ull 
it lies outside the table. Press it, it falls down. Now spread a not 
Sheet of paper on the Ooden sheet and again press it, it-does 

fall down. 


; st 
erg's hemisphere, gas jar andi 
sheet, thistle-funnel, balloon r 

water. 


H "n H ater 
Y knows the essentials for living. Air, w 


z 3 ight. 
T: air is a material body; air has a weig 


Question: Why did it not fall down in the second case? 
Answer: Air p: 


ressed the sheet of paper from above to down which 
checked the fall of the wooden sheet. : - 2 
DEMONSTRATION 1 


Student’s Activity: Give Medberg’s hemisphere made of rubber tO 
a boy in the class and ask him to Press them together and then to 
Separate them, 

Question: Why is it di 

Answer: Air from the 
as shown in Fig. 6.2. 


fficult to Separate them? 
sides is exerting pressure on the hemisphere 


il 
iu 
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Student's Activity 


Ask a student to pressa Medberg's hemisphere on the glass plate 


and then to pick it up. 
i Question: Why is it difficult to pick up/separate the hemisphere 
Tom the glass plate? 
re and glass plate is: out, 


Answer: As the air between the hemisphe 


and air from outside is pressing it downward as in Fig. 6.3. 


Air Ait 


Glass plate 


Fig. 6.3 
Teacher's Statement . 
(i) Air exerts pressure from above to downward direction. 
(ii) Air exerts pressure from the sides. 


DEMONSTRATION 2 
Take a glass cylinder (gas jar typo), fill 3 of it with water. Take a 
that when it is inverted in the 


test tube and fill it with so much water 


Cylinder full of water, it stands in the inyerted balanced position as 


Rubber bang Press - 


Cartesian diver 


Fig. 6.4 Fig. 6.5 
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: n 
Shown in Figs. 6.4 & 6.5. Bind a stretched rubber band tight 
the mouth of the 8lass cylinder. Press the rubber band wit dem 
and fingers, the test tube will go downward because of the pr 


of air. 
; d? 
Student's. Activity. Ask a student to press the rubber gaad ps 
the test tube will move downward. Release the rubber band, tes 


DEMONSTRATION 3 om 
(1) Takea thistle-funnel and Wrap and tie a rubber band (ballo 
rubber) on its mouth tightly, ; on 
Student's Activity. Ask a student to suck air from the open enoia 
the thistle-funnel. The rubber band swallowed inside the this 
funnel. Students will be encouraged to tell the reasons, 


: 2 I 
Expected Answer, Air was Iemoved from the interior of the funne 
and air from outside exerted 


* it 
Pressure on the rubber band causing 
to swallow, 


Blow air from the Open-end side of the this 
band is swallowed Outside. (See Fig. 6.6) 


> y : 
Aa F 


Fig. 6.6 


tle-funnel. The rubber 


Teacher’s statement. The air exerts Tessure from sj 
m sides, 


, DEMONSTRATION 4 
Take an empty Flit-tin in good 


Here the teacher can create a problematic 


Situation like: 
G) Why did the Flit-tin box get deformed 


from all Sides? 


€d when the steam was 
coming out? 

Why was it put in cold water? 

What happened during these two steps? 


The air pressed the tin box from all sides as the Pressure inside the 
box was reduced when it was thrown in the cold water, 


\ 


Pi 
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Ne uement of the Teacher. Air exerts pressure from all sides, from 
ard to downward and from downward to upward. 


Correlation of the Lesson with Daily Life 

(i) Why do you press the rubber tube © 

enue the pen? 

(i) Why don’t we get deformed wh 

Y Sides? 

(iii) Why an enclosure made of kite- 

earthen lamp go up in the sky? 
Application to Daily Life of the Pupils 

(i) Sucking water or soda-water through a straw tube. 

(ii) Placing a hollow key to the lip when air is sucked out of it. 
(iii) Rise of water in syringe. 
(iv) Eye-dropper. 

Recapitulation 

(i) Why do lizards not fall? 
(ii) How does an elephant d 
(ii) Why do we not feel the consi 
(iv) Fill up an empty glass gas jar (with round corners) with water 

i s over its mouth to cover it. 


in excess. Slide a wet cover glas 
Invert the jar, the cover glass (lid) does not fall. Why? 


f the pen in order to fill 
en air is pressing us from alk 


paper containing burning 


rink water through its trunk? 
derable pressure of air? 


1 


THE PRACTICAL WORK e 
PHYSICAL SCIENC 


Improvisation in Physica] Sciences 


he science teacher generally complai 
the dullness of“his, le 


Ie 
Sive learning of the text-book, A good "ed his 
> i * circumstances a challenge 
ingenuity. With a ' re i 


e 
ü adapts his lessons tonio 
scientific material available. There is always the great ‘out of doo! 
the winds and the clouds, the stars 


» the rainbows, the changing 


l ing clouds and twinkling stars to be watched an 
noticed. E 


u on laboratory equipment 1$ 
as long as the teacher is expected to be ingenious, With patience, 
impli mplicated apparatus can be made. In 
er is the pupil able to appre- 

o be illustrated, The refinements 


rections, which its proper 

irce of more confusion that help 

to the beginner. Some emergency or simply the need for economy, 

i r t would otherwise 

vising original devices, and 

Tesults in a class being confronted with equipment which may be 

‘crude but of which the function is clear. Such Satingsncies, far from 

being a disaster, provide benefits of gceat valus to both teacher and 
students. 


: j indrical brass case, wi 
For a rain gauge there may be no cylindrica S6, With a brass 
funnel and a measuring cylinder exactly graduated to suit the apparatus. 


THE PRACTICAL WORK m 


Yet it may be noted that in at least one works for the extraction 
of salt from sea-water by evaporation, the nights rainfall is measured 
simply by noting the depth of water in an empty canned fruit tin left 
upright in an exposed place. No better apparatus exists for teaching 
what, precisely, is meant by a ‘rainfall of one inch’. : 


Diagrams intended to show how certain devices work are often 
difficult to follow. It is far better if the pupil can handle the device 
itself, and take it to pieces. It would be unreasonable in most instances 
to treat new instruments in this way, but old, discarded pieces of 
apparatus can readily be used for the purpose. Such pieces of appara- 
tus, thrown out because no longer serviceable, can often be found ‘in 


Junk heaps, in garages, in cycle-repair shops, in radio-repair shops, in 
s' sheds. All sorts of 


electric supply stations and in electrical contractor 

useful oddments are thrown away by builders, and by maintenance 
men working on engineering and electrical projects. All these can be 
dissected to destruction’, or used lavishly. A friendly contractor can 
Save a science laboratory a, great deal of money at no costto himself. 
To make such acquaintances is one of the tasks that lie within the 
Science teacher's proper duty; to acquaint his class with the source of 
his booty, is the teacher's reasonable return to the donor. 


Suggestions for the construction of simple apparatus, equipment and- 
models, may often be found in good text-books and magazines. A 
School club for model-making can render the science department great 


Service. 


Notes on Some Possible Improvisations? 
/Accumulators, lead: Car batteries are of this type. Old accumulators 
can be obtained from garages. They can be cut. through witha hack- 
saw to show the construction of the plates, the wooden separators, 
etc. E 
Secondary Storage Cells, e.g., lead accumulators, or nickel-iron 
CNife’) eR supply direct current (DIR These are guitable 
Or all s. and if single cells are available, the current may be 
Pest p ‘Nife’ accumulators are better 


used for either torch bulbs or car lamps. : sa : 
he fluid they contain is caustic 


‘than 1 ulators for school use. T! 
aee they are lighter to carry, and they will 


alkali Iphuric acid), i 
li nok ANE thout disintegration of the plates. 


Withstand harsher treatment wi 
"^ Accumulators need to be charged from time to time. If mains A.C, 
is available, an apparatus for charging accumulators should be fixed to 


a wall, preferably in a preparation room. Such chargers, which are 
also rectifiers and so provide direct current, are supplied complete 
with ammeter and resistances for measuring and regulating the rate of 
charging.: Withsthe aid of such a battery-charger and reasonable care, 
a collection of accumulators can be kept in working order for years. 
Y Je Teaching of General Science in Tropical Secondary 


, H.N., The f 
i Sande Oxford University Press, pp- 227-28. 


3 HOOLS 
78 TEACHING OF PHYSICAL SCIENCES IN SECONDARY SC! 


. 3 s ovide 
Very inexpensive ‘trickle chargers’ are also obtainable. These pr they 
a much smaller current, so the charging process takes longer. 


at 
harge for too long. Ale 
appens when they are fully charged, i.e., when the chemica RE 
in the plates are complete, is that the liquid (acid or alkali) is 


a o ter 
lysed, yielding oxygen and hydrogen. Thus addition of distilled wa 
replaces any loss. 


Laboratory Solutions 
Accumulator Solutions? 


(a) Lead Accumulator: The specific 


" = in 
gravity of th sulphuric acid 
various conditions of the battery is as 


follows: 
$ Specific gravitý 


ae 1.28 
Half charged. ;.... 1.21 
Discharged...... Ls 

The above f 


Specific gravity when 


k Temperature 
the battery is T E A 
60°C 80°C 100°C 
(a) first filled ' 1.190 -1.185 1.180 
(b) working and fully charged 1.170 1.165 1.160 


41b (2 kg) of caustic soda are disso 


: ha very thin layer 
of tin. The specific heat of the ‘tin’ can be taken as Mlle nek 


2. Op. cit., pp. 265-66, 
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P clips, Spring (for rectangular mirrors): A wooden rectangular block, 
ith a saw-cut vertically down one face, will usually hold plane 
E TOIS satisfactorily. Two such blocks are better, and can also be 
5d for spherical mirrors and lenses. Clothes pegs of the spring type 
also make satisfactory mirrors and lens holders. 


RA Boyle’s Law Apparatus: A glass tube J can be replaced by two tubes, 
e shorter one sealed at one end, joined by rubber pressure-tubing. 


Dry air trapped by 
Mercury 


Pressure tubing 


. Boyl’s law apparatus 


Fig. 7.1 


These can be set up in the appropriate J-shape on a stand. It is easier 
to get the right ‘amount of air into the short tube when both tubes 


can at first be made to Jean, independently, in any direction. (see 
Fig. 7.1). 


Hare's Appara 
a glass or meta 
fastened to à WOO 
held in two separa 


tus: This can be set up using straight glass tubin 

] 1-piece, with rubber-tubing connections. Tt E 
den stand by brass saddles, or the long tubes may be 
te burette clamps fixed on one stand. 
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: oken 

Hydrometers: These can be made from broken pipettes. The bros 

be is sealed off just below the bulb, and a suitable amoun d with à 

lead shot is inserted (Fig. 7.2). The end of the tube is close the borer 
Tubber, or Cork, stopper, (A suitable Stopper is often left in tht r 


x alue 
point Apparatus): To find the approximate v. 


; mpera- 
ot the dew.point a beaker one-third full of water at Toom wales is 
ture, is Provided with a Stirrer and a thermometer, Ice-co 


Arn 4 E eet form 
2 Very slowly, with constant stirring, until a mist begins oe first 
i eaker. The temperature at which the mi 


Cork 


Pipette 


Lead Shot 


* broken end 
Sealed off 


VA hydrometer 
(made from broken 
Pipette) 


Fig. 7.2 


à piece 9f copper gauzé 
Plugged into the open end. Lead shot are Placed In the test-tube a few. 
at a time, until it will almost sink when placed in an inverted position 
in a glass cylinder of water Gee Fig. pa d " i a 
ercury. Air bubbles appear ina tube w ich is Sing flle wh 
eaS To remove them the tube is closed with the finger; before it 
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then a full, and inverted to allow a large air bubble to travel up. 

e the tube is turned up again the large bubble reverses its track, 

s cting the smaller ones as it moves upwards and escapes. The small 
mount of mercury needed to fill-the tube is then added. 


Mercury split on tray, bench or floor, may be recorded by sucking 


it into a small *washbottle' (see Fig. TA). 


; / Drops ot 
Air Sucked out ; Ae H Mercury 
) 1 $5 
<—— we 


(The recovery of Split Mercury) | 
Air is withdrawn from the Wash-bottle by means of a filter pump. 

P| i H H "is 

Fig.7.4. | { 

Kipp's Apparatus. A good substitute can be set up by the-making use 
of the neck (with side, tube) cutfrom à broken distilling flask. This and 
a funnel are fitted through.a cork into the mouth,of gas jar or wide- 
necked bottle, which contains pieces ‘of broken glass to à depth of 
about an inch (see Fig. 7.5); The stem of the furinel is extended to 
reach the bottom of the bottle by: means ofa glass tube with rubber 
connection. This apparatus ig ;convenient for generating hydrogen, 
carbon dioxide, hydrogen sulphate, ete. = X 

*Eureka' (overflow) Can. ‘Two vertical and parallel cuts, of exactly 
the same length, are madeʻdown the side of-a tin. The tongue of metal 
thus formed is bent outwards: A concave groove is made along the 
tongue by tapping with a ball-headed hammer or an iron rod (see 
Fig. 7.6). The object, the volume of which is to be found, is inserted 
slowly, so that all the displaced liquid flows down the groove into the 
receiving vessel. <r hs 

Filter Paper. There are times when it is useful to remember that a 
sheet of white blotting paper can be used in place of filter paper. | 


Fuse Holders; Porcelain: These can usually be found in the junk 
heap of a contractor for electrical installations. 
"Resistances,. Electric, Variabie (Rheostats). A. discarde 
control switch : of this type can often be obtained from th Saige 
wireless repair shop.. It can be mounted on a piece of wood or END 
A, resistance sOEetlls kind. provides ‘a useful control for electrol dis 
experiments. : NG de^ : y 
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Funnel 


'— Ring 


acio 


Neck from 
broken distiltuc: 
Flask 


bottle 


. Test-tube holders. A piece of Paper, folded into a strip of four to 


*ight thicknesses, is an adequate substitute When w the 
tube (Fig. 7.7). Tapped round 


Care, Maintenance and use of some Common Apparatus 


Ammeters and Voltmeters. The moving-coi] type is t 
in the school laboratory and on the Instrument Panel ‘ojommon one 
bile, and is suitable for use on any direct Current (D, —.) supp] of elec- 
tricity. But industrial and household Supplies are Usually of allernatia 
current (A.C.), for the measurement of which ammeters Inust be ofthe 
moving-iron, or the hot-wire, type. The same applies to Voltmeters 
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scale are often preferable to those 


Instruments with a zero-centred 
ause it is not always easy to decide 


graduated from zero upwards, bec: 


Hammer 
lighly 
here 


The cheapest test tube holder 
J Fig. 7.7 
ircuit. This does not matter in 


Fig. 7.6 


upon the direction of the current inac S 
the case of a zero-centre instrument, and there is no need to change 
the terminal coanections. Table 7.1 gives further information. 


Table 7.1 4 
Instrument What is Symbol Position Assumption 
* Measured . 

/ Ammeter Current Corl In series The instrument 
has no resist- 
ance, leaving the 
total resistance 
of the circuit 
unaltered. 

V In The instrument 
oltmeter Volte V ron E Parallel offers PARE 
Potential P.D. or resistance, tak- 
difference — E.M.F. ing none of the 
or total current in 
the circuit. 
Electromotive In general, the 
force better the quality 
; of the instru- 


ment the more 
clearly are these 
assumptions 
correct. 
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; ; is very 
Caution. Great care Shóuld be taken to avoid getting this 
Corrosive solution on skin or clothes. 


permanganate, then the effect of sodi i ion, acidi 
with dilute sulphuric acid should be tri «ali 


“Cleaning of Mercury, When 
begins to leave ‘t 
a tall cylinder containin 


===] "9428s cylinder 


The cleaning of Mercury 


Fig. 7.8 
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us ~; 
ual bench reagent. If the mercury falls through the acid in a fine 
llary tube attached 


S * 

aa as it does when made to pass through a capi 

then ak of a funnel, so much the better (see Fig. 7.8). The mercury 
acid evokes up with water In a strong bottle to wash it free from 

‘Middle maily it is allowed to pass through a pinhole made in the 
he oe a filter paper, which is folded in a funnel in the usual way. 
for th st drops of mercury remaining in the funnel should be kept 
warn e next occasion when mercury 1$ cleaned. The mercury may be 
cal ned in an air oven before the final filtering, if required parti- 
ularly dry. 

Rd of paint brushes. After the removal of as much paint as 
1 ssible, the . brushes should be washed out immediately with warm 
Water and soap. 


MAlerogcopes. Young pup 

ds to psually benefit very 

tion ell as much practice in technique, 

Gs „of the magnification. Frequent 
sential. 


ils are often fascinated by a microscope, 
little from its use, as time and experience, 
are required for the apprecia- 


use of hand lenses is the first 


meny the patient skill of the expert can bring much profit from 
e use of high- powered microscope, and to provide one is usually 
misguided enthusiasm on the part of a teacher of General Science. 
Suitable slides are seldom made by amateurs, for the sections are 
generally too thick Instead of such à costly 


instrument, an obj th with eyepiece (X 1/6) 


and thus appeat opaque. 
ha 


ective of 1-inch focal leng 
ion of the whole area beneat 


atively easy, means that adjust- 
its movement of the slide by 
hand with enough con ° ctin the field of view. 
The magnification is qui 
insects, the shape and surface of the smallest seeds, typical specimens 
of pollen, and characteristic crysta 
least magnification which will serve t 
A teacher should try to train his pupils in correct microscope 
technique as soon as they begin to use the instrument, however, low 
its power, be. The objective is marked 1 inch or 4 inch or 1 inch, for 
example, to show the distance between lens and object when the 
latter is in focus. The instrument should always be arranged so that 


the distance is less than this, and then, as the observer views the 
should be turned so that the objective is 


slide, the adjusting screw edid 
racked away fr ide. Risk of damage to the lens is elimi 
procedure, as the objective cannot then be Pu 


sketch of the image. For this reason t i 
should be placed so that the eyepiece is about 12 dd dua oet 


devel. 
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Rubber, Petrol, vaseline and other Petroleum products cause rubi 
tubing and corks to perish rapidly. Thus it is unwise to use vase vial 
Slipping rubber tubing on to glass tubing. Spec 
Tubber lubricant may be purchased and if this is not available sali 


of a small cupboard, with close-fittin door, and putting the rubber 
on perforated Shelves. i à i j 


Oxes, €tc), it should at first be protected by connecting a piece O 
COpper wire 


he null point is found approxima- 


tely. The Copper wire is then removed itivity of the 
N and the full sensitivity o 
Instrument allowed to come in: 4 


ments without the wire shu 


AE nt until the teacher has checked the circuit- 
and given permission for it to be removed. 


4 c lead, or brass to lead: rosin or ‘killed’ 
Spirits’ forjoints in brass, copper, tinpi ine: ‘kj irits’ for 
iron and silver. pper, tinplate, zinc; ‘killed spirits 


After soldering, ‘killed Spirits’ should be washed ` ith water. 
concentrated hya iah Methylated spirit, snes spiri consist of 
concentrated hydrochloric acid to which zin il there 
was no further reaction.) © Was added until the 


Stirrup for suspending a magnet. In order to ens net 
will hang horizontally, two equal loops are made A us eens 
and then knotted together near the 
ends are cut off, leaving a long thre 


Stoppers. The removal of a stopper which i i f 
a bottle is a task the science teacher often has fo vader ee 
following methods are Suggested, in Progressive Order of severity. 
If the bottle contains solids Which are not d s 


(a) The Stopper is tapped gently all around its Side with ie a 
handle of any available tool, or with a small, h 
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erlaps the neck, it may be struck slightly upwards 


pe Hos (b) The bottle is inverted with stopper and neck immersed 
enmont boiling water for 15 to 20 seconds. It is then removed and 
Ba opper immediately tapped as in (a). (c) (Not to be used with 
Battle ; containing inflammable or dangerous liquids or solids.) The 
Dl e is held at an angle, and rotated so that a candle flame deposits 

ayer of soot all around the neck. Method (a) is applied after a few 


pepneats. (b) If the stopper still refuses to loosen, it may be necces- 
ary to cut off the neck of the bottle. To do this a series of the marks 
ular file. The end of 


are made around the neck with a sharp triang 
out tubing is heated strongly in a flame 


à piece of glass rod, or drawn- 
and applied, while hot, to a file mark. A few attempts will usually- 
cause a slight crack to start. The process is then repeated at the next 
file mark, or the first crack is encouraged to travel around the neck 
by movement of the hot point ofthe glass along the crack in the 
desired direction. The neck is given a sharp 


wood as in (a). 


If the stopper ov 


Thermometers. If these are left for some time in a rubber cork, 
they are often difficult to remove. A cork bore, or a size such that 
the thermometer _ passes through it, is used to rebore the cork, 
while the thermometer remains inside the bore. The thermometer 
then comes out with a thin ring of rubber which may be scrapped 


off. 

Tropical conditions. There are many causes of trouble in a labo- 
ratory, especially during a wet season in the tropics. Materials perish, 
papers stick together. instruments rust, specimens go mouldy, lenses 
develop a fungus which quickly renders them useless and ruins their 
accurately ground surfaces. In addition, ants, termites and other 
insects continue their endless work of destruction. \ 

Whatever can be kept in an air-tight container should be so kept. 
Glass jars, such as specimen j ith lids well greased, are ideal. 
Screw-capped bottles, €.8^ those which have contained sweets, are 
very useful. Metal containers, such as biscuit tins, etc., can be render- 
ed fairly air-tight by strapping the joint between the lid and container 
with insulating tape- 

Lenses of microscopes should be kept in a desiccator when not in 
use. Needles can be inser iece of material in which some 

Metal instruments such as screw gauges, 


vaseline has been ru 
should be greased. The screws of 


vernier callipers, tuning forks, etc., 1 
retort stand bosses, rings and clamps should be oiled frequently. 


Scalpels should be smeared with vaseline and kept in a case. The 
metal parts of tools sh 


ould be rubbed over with an oily rag. 
Paste, gum and glue should contain some chemicals to mak 
insects. Such adhesives are sold specially pri Were 


repellant to insects: Š 
the tropics. But if the teacher makes his own, the addition of a very 
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small quantity of a Solution of mercuric chloride, during the prepara- 
tion, is Benerally effective, 


Biological specimens seem to be the favourite food of some speg 
of minute ants. Dusting with D.D.T. deters the ants but spol 1 ae 
look of the specimens. If mounted insects are left unprotected, th 


almost invisible ants eat out the intestines and the specimens disinte- 
grate. 
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EVALUATION IN TEACHING 
PHYSICAL SCIENCES 


Examination and Evaluation 


yy s term 'examination' is 
comes as a source of 


too common to need any explanations. 
fear to all the students, and no system of 


education is abso utely free from it. “Examinations are formidable 
even to the best prepared, for the greatest fool may ask more than 
the wisest man can answer." In India the whole system of education 


is very much under the clutches of examinations. All educationists 
have condemned it, but no one could suggest à suitable alternative for 
the standards attained by the 


it. The examinations simply assess s 
demic subjects. Evaluation is more than 


Students in different aca i 
demic subjects. 


examining the students in different aca 

“It is studying and assessing achievement and growth in relation to 
the potential of the student and the objectives of the study."? It is a 
continuous and cumulative process and is a function of both the 
teacher and the taught and is interlinked with teaching- objectives 
and learning experiences. This inter-relationship of the three aspects 
of teaching-learning situation is represented in à triangular form. 


In teaching Physical Sciences, science teachers first determine what 
they will teach—Science content. They are next concerned with how 
they will teach—Teaching Methods and processes. Finally they need 
to know how well they taught and how well children learnt— 


Evaluation. 

In other words, evaluation means judging the effectiveness of 
teaching-learning processes. It will include techniques of assessing 
pupil's progress 10 acquiring both science content, skills in scientific 
process, and other behavioural changes as a result of learning physi- 
Cal sciences. It also includes self-assessment on the part of the teacher 


by assessing the effectiveness of formation of objectives, and providing 


1. C.C. Coltan. quoted from the Indian Express, 13 June, 1970, p. 6. 
2. Miller & Blayd Methods and Materials for Teaching the Biological Sciences 
, 


les, 
Ch. II, p. 12, McGraw-Hill, 1962. 
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learning experiences? in teaching-learning process. 
Characteristics of Evaluation : 
Evaluation is continuous and cümulative in nature. It is not merely 


a device to be used at the end of a particular period fixed for scien 
Instructions, say, yearly, half-yearly, fortnightly or even at the end 


e jectives in terms of i earning 
experiences provided in alisi of behavioural changes) lea: 


<nowledge of facts, concepts, principles and 
; 


2. The pupil develo 


ples; » Concepts and princi- 
3. The pupil applies 
E z Scientific knowledge in a new or unfamiliar 


4. The pupil develops skill in drawin f- h 

: E di 1 in 

apparatus, preserving Specimens, improve ems, manipulate 
and scientific expressions. On, observ. 


The pupil develops interest in the world of Science; 

6. nee, ee ce ree scientific attitudes, values and qualities of 
T" mona ad acte A of scientific pheno- 

NORD DENEN LEE A GM Ieri eebiectnes 

experiences. 


[zi 


3. Learning experiences: It is an interaction between the teach 
the content. The learning experiences can be brought about the learner and 
ber of ways such as library, text-books, experiments, radio, fough a num- 
clubs, field-trips, projects, museums or other similar learning Sins Science 

ns. 
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How to Evaluate a Student of Physical Sciences 

EC evidences that reveal that some objectives have been realised 

f e used as means for evaluation. Richardson classifies them as 

Ollows:4 

uie. What students do. Anecdotal records of significant observable 

i QXIOUIS originallaboratory developments, voluntary contribution 

tie dapes resources (specimens, finding scientific literature and activi- 
5), instances of laboratory resourcefulness. 

Pi, What students say. Class discussions, conferences, informal 
Dversations, oral reports and panel discussions. 

a What students write. Laboratory reports and note-books, reports 
readings. Field-trips, tests and examinations. 

: (d) What students produce. Laboratory products and apparatus set- 

nm improvisations, displays, collections, photographs. Results of 
dividual project-work, production of and or participation in scientific 

Skits and plays. 

" (e) What students read. Depth of reading in relation to assignments, 

soluntary readings of books and magazines in scientific and related 

fields, newspaper reports of current, scientific and technological deve- 


lopments. 


Evaluation Tools 
The main useful and important tools which are commonly used for 
evaluating Physical Sciences are given below: 
1« Evaluation by paper and pencil devices 
(a) Verbal tests, either “objective” or essa. 
(b) Diagrams, sketches, pictures, charts and models. 
(c) Rating scales and checklists. 
2. Analysis of work products: According to acceptable criteria 
(apparatus set-ups, improvised apparatus, note-books, students collec- 
tions; and reports of the committees). 
3. Classroom questioning and discussion. 
4. Observation of significant behaviour. 
(a) Informal as in day-by-day classroom or 
(b) Systematic, in arranged situation to kno 
behaviour. 
5. Conferences and interviews with 


y type in form. 


laboratory activities, or 
w specific type of 


individuals or with groups. 


Types of Tests 
Tests in science can be broadly classified under three heads: 


]. Performance tests, 


4. John S. Richardson, Science Teaching in Secondary Schools, Ch. 7, p. 132 
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2. Picture and Diagram tests, and 
3. Verbal tests. 


Verbal tests are of two types: (a) Oral, and (b) Written 


The written type tests can further be classified: (a) Essay sype, (b) 


Short description/Explanation type, (c) Short-answer type/Objective 
type tests. 


I. Performance Tests 


These tests measure Pupil's manipulative skill and m 
techniques for performing experiments. In these tests the students 


apparatus for the laboratory pre 3 
gen, oxygen and carbondioxide, etc., handling of burette and use 


: : : ings 
indicators for arriving at the exact end-point and noting the er. 
from the burette. Students’ performance may also be observed to 


II. Picture and Diagram Tests 


As we know pictures, diagrams and sketches are quite useful for the 
teaching of Physical 


al Sciences. Pupils are also asked to draw diagrams; 
Pictures and sketches i 


times they are given pictures, diagrams an 
topics with accompanying questions. 


Pupil's pictures and dia, 
depth of understanding. 

The following points should be taken into c 
ing an assessment of a diagram: 

(a) Does it represent an apparatus which serve the purpose? 

(b) Are the different parts shown in right Proportion? 

(c) Is it neatly and clearly drawn? 

(d) Is it accurately labelled? 


The following are examples of this type of test: 


(2) Draw a diagram of the working of an air-pump and label its 
different parts. 


(6) Draw and label a 

of hydrogen gas. s% 

Sometimes the pupils are provided with incorrect/incomplete dia- 
grams, they are asked to make them correct/complete, 


Pupils may also be provided with pictures and diagrams to label 
correctly. 


grams show their power of observation and 


onsideration while mak- 


diagram showing the laboratory preparation 


The following are examples: 


In the laborator preparation of carbondioxide, a diasram may 
g be given as the gas bsing collected by the downward 
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displacement of air. The pupils may be asked to correct the 
diagram. 

(b) In the laboratory preparation of hydrogen gas, a diagram may 
be given showing the collection of hydrogen gas by the down- 
ward displacement of water. The pupils may be asked to Jabel 
the different parts. 

(c) The diagram of an electric bulb, a key and dry cell may be pro- 
vided and the students may be asked to make connections so 
that the bulb gives light when the circuit is completed. 


HI. Verbal Tests 


Verbal tests can be classified under two broad categories, oral and 


Written. Thesc tests measure the factual knowledge that the pupils 
have acquired. The pupils should be told beforehand the nature of the 
test items, instructions to respond so as to get the best results. Subject- 
matter which has not been discussed in the classroom should not be 
tested. The main drawback with these tests is as under: 
(a) A teacher may not express precisely what he wishes to find out 
from the pupil, 
(b) The pupil may not interpr 
(c) The pupil may not express his knowledge accurately, 
(d) Finally, the teacher may misinterpret the pupil's answer. 


` 1. Oral Tests. Generally oral tests take the form of interviews. In 
Such tests, the examiners ask questions, the auswer of which the stu- 
dents have to give orally. Oral tests are more flexible than other types 
for the examiner can build upon the answers of the pupils. The pupils 
also get a chance to explain their answers further and clarify points to 
the examiner. There is provision for immediate reinforcement by way 
of correcting the answers then and there. In these tests the examiners 
are liberated from the menace of marking answer-books. Oral tests. 
cover much more syllabi than other form of tests. 


The teacher should plan thoroughly and carefully for a successful 
f the objectives of each question 


oral tests. He should be fully aware o es ol 
put in the test. Questions should. be framed in simple, clear and 
unambiguous language. They should be thought-provoking and must 


not be either too simple or tco difficult for the students to answer. 
Pupils should be given time to think before they are called upon to 
answer, The examiners are also required to establish rapport with the 


pupils before oral testing. 
2. Written Tests , 
(i) The Essay Type. The written type of tests are popular of all 


other types of tests because of their ease in administration. Essay type 


tests are one of them. Essay type questions ask the students to write 


et the question correctly, 


5. Thurber and Collette, Teaching Science in Today's Secondary Schools, Ch 


II, p. 282. 
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out long answers to one question. This gives the pupils training 
self-expression, use of proper words, Organising subject-matter, arg 
Ing logically and explaining ienti 


[ction aw of Motion’, and ‘If an individual ® 
Standing. In a moving train, the train Stops suddenly, in which dir! 
tion the individua] falls? 


repr v 
eneralisation a dge to nev 
situations. g n and to apply knowle g 


: : e 
: - Essay questions give uo 
mation and thus directly are responsible 


Examples 
() Define Potential Energy? 
(ii) Define an Acid/Base? 
(iii) What is oxidation? 
Gv) Why is it difficult to walk on Slippery roads? 
Hated shin cas type teen Objective they can be scored 


lowing ar. ‘ 
the objective-type test items. & are the advantages of 


1. Because the items are short, it is Possible to į 
number of items than would be possible in essay i eur 
f 


era 
and add to the reliability of the test. Ec of the content 


that of an 
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essay type test. Objective type tests can be either machine-mark- 
ed or hand-marked even by à layman. : 
3. Each item in an objective test can be pre-tested before it is used 
in the test so that ambiguities in the wording can be discovered. 
It is also possible thus to confirm that each item in the test is of 
the ‘correct level of difficulty and contributes positively to what 


the test as a whole is valuating. 
Kinds of Objective Type Test Items 


A. Logical Selection Type 
These exercises require the pupil cross out the name of an object 
waich, not resembling the other, does not fit into the same category. 
he usual instruction to pupils is: 


" Cross out, in the following list, 
elong to the same group as the other. 


Examples 

(a) Wavelength, frequency, compression, 
nected with ‘Wave Motion’ and can be measure 
compression’ which merely records a condition an 


out. 


(b) Pints, litres, grams, 
ments of volume, except ‘grams’ 
to be crossed out. 

pupils’ ability to analyse 


These tests enable the teacher to know the 
a problem and suggest to themselves various hypotheses until, having 
hit upon a probable one, they eliminate the item which the hypothesis 
would exclude. Consider the following example in which a student is 


Tequired to cross out one word from the following: 


Water, mercury, chalk, common salt. 
A pupil might begin by asking himself ‘Is there one solid while the 
rest are liquid?— No, there are two solids, chalk and common salt. Then: 
Is one used for food while the others not?— No, for both water and 


common salt are part of a normal diet. ‘Is only one white?—No, chalk 
he notices that mercury 


and salt are both white. So he goes on, until 
is an element, while the rest are compounds, and proceeds to cross it 
cout. He might also cross it out on the grounds that it is the only 
metal, or the only good conductor of an electric current. 
B. Multiple-Choice Type ' 

The test provides à choice of several possible answers, of which 
only one is correct. The usual instructions to pupils is: ‘Put a tick 
mark in the box against the correct answer to each of the following 


questions. 


the.word which does not seem to 


amplitude: All are con- 
d in some units, except 
d is to be crossed 


s. In this all arè measure- 


cubic-centimeter: i 
f weight and is 


which is a measure o. 
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(a) The Speed of sound in air is; 
G) 10 ft Per second 
(i) 550 ft Der second 
(iii) | mile in 5 Seconds 
(iv) 60 miles per hour 


ductio) 
(b) The weight of a body is reduced at the moon due to re 
in: 


Annaan 


) 
) 
) 
) 
n 


( 3 
() Density of the body ( sei 
(i) ass of the body ( ) 
(iii) Gravity of the body Com 
(v) Specific gravity of the body 
(c) A Tocket works on the principle of: ( ) 
(i) Conservation Of mass ( ) 
(ii) Conservation of energy ( ) 
(iii Conservation of linear momentum ( ) 
(iv Conservation of angular momentum 
(4) A Klinostat is used: 
@) To show the effect of gravity on the growth of ( ) 
) 
(ii) To measure the distance between Successive waves ( 
(iii) To measure th angle between a slope and the ) 
Orizonta] ; ( ) 
Gv) To regulate the temperature Of an oven ( 


C. Sense Discrimination Type { 

A somewhat more complicated Version of the Second type of aN 
(B) requires a Pupil to select those Ords and phrases which will com 
bine to forma logical or Correct Statement ji 


The instructions to pupils is; “Cr 
group so that a logical or Cor) 


ess Out words or Phrases from each 
rect Statement Temains.’ 


EXAMPLES 
/f red jue f red 
Acid turns itmus 
e L blue J L blue 
f copper 


Oxygen Vi liberated 


nitrogen | 
f floats } 


bject a 
(c) When an o je 1 sinks J 


f upwa d 
in water the | Pward thrust ] 
L downward thrust 


E 
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[ less than 
is | equalto | the weight of the object. 
| 


L more than J 


Ere sentences left should read: (a 1 

d n steam reacts with magnesium, hydrogen 1s I^ 

dum alternatives—either, when an object floats in 

rust is equal to the weight of the object, Or, when an object sinks in 
ght of the object. 


water the upward thrust is less than the wei 


D. Matching Type 
The test requires appropriate words in one C 
against corresporiding words in another column. 
The instruction to pupils is: Put in front of the letters in the second 
Column, the number of corresponding word (or name, phrase, or 


formula, etc.) in the first column. 


) acids turn blue litmus red, (6) 
liberated, (c) thereare 
water the upward 


olumn to be matched 


EXAMPLES 

(a) (i) Na,COs ( ) (1) Copper sulphate 
(ii) NaHCO; (x) (2) Manganese dioxide 
(iii) MgCl, ( ) (3) Sodium carbonate 
(iv) KNos - (ales) (4) Magnesium chloride 
(v) CuSo, ( ) (5) Sodium bicarbonate 
(vi) MnO» (raz) (6) Potassium nitrate 

(b) (i) ohm (ieu) (1) Current 
(ii) volt ( ) (2) Resistance 
(iii) ampere ( ) (3) Power, 
(iv) watt ( ) (4) Potential difference 


The correct order of the numbers to be placed in the second column 
(a) v, vi, i, iii, ii, ivand (b) iit, i 1v» " 


E. Reasoning Type j 
The test suggests a variety of possible answers to a question. Of 
these the pupil is asked to select that which is the most logical. The 

i Put a tick mark in the bracket against the 


usual instruction to pupil is: 
answer which seems to you to be the most reasonable. 


EXAMPLES 


(a) A thick V y crack if you pour boiling 


essel of ordinary glass ma 


water into it because: 

(i) thick glass is not strong, ( ) 
(ii) the careless use of hot water can cause accidents, ( ) 
(iii) the thick glass expands unevenly, ( ) 
(iv) water js a poor conductor of heat. ( ) 


r only sees a rainbow when he stands with his back 


(b) An observe 
rds the sun because: 


turned towa 
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(i) The sun js always shining brightly when a rainbow 


) 
is seen, f ) 
(ii) It is made of many colours, f 
(iii) There is always rain in the neighbourhood of a (> 
rainbow, ; , 
Gv) It is formed by light reflected from distant rain COS 
drops. 
(c) Ammonia Bas is not collected over water because: ( ) 
' (À) It is alkaline gas n) 
(ii) It is colourless (C 
(iii) It dissolves Teadily in water ( ) 
(iv) It is lighter than air 


The answers to be ticked are: (a) iii; (b) iv; (e) iii. 
F. Completion Type 


s ctual 
This type of test enables a teacher to evaluate a great deal of fa 
without much 


“planks 
knowledge writing by the pupil, who has to fill in bla ill 
left in sentences or lists, etc. The instruction to pupils is simply: 
in the blanks in the following”, 


EXAMPLES 


(a) To every action there js equal and Opposite 
(b) Hydrogen gas is collected by the di 


Fil 


(d) If three cells of 1.5 Volts are connected in parallel, their com- 
bined voltage will be 


ing statements, Put, in the Space Provided, a «ep» if the statement is 
true, or an “F” if the Statement is false,” 


EXAMPLES 
(a) Carbon dioxide supports combustion ( ) 
Moist air is heavier than dry air ( ) 
(c) Coconut oil is denser than water ( ) 
Gi?) 


(d) It is necessary to have a medium (for transfer of heat by 
radiation) 


H. Numerical Tests 


Tests can be designed to give a quick review of Sphysica] facts, in 50 
far as these provide data for simple calculations, In such tests the 
arithmetic required should be reduced to a minim m, for it is the 
knowledge, and the ability to apply; Physical laws Which 


are the real 
subjects of investigation. 
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EXAMPLES 
l. Six volts applied to an electric circuit gave current of 2 amperes. 
What was the resistance of the circuit? 


2. Express 55°C in °F. 

3. If a sample of gas occupies 100 cc at 27°C, how many cc will it 
occupy at 127°C at the same temperature? 

4. If two resistances, each of 3 ohms are connected in parallel, their 
combined resistance is.....- $ 


IV. Evaluating General Progress 
(a) A test of the essay type. 
My favourite subject 
What Science Text book I like best, and why? 
Wonders of Science? 

(b) The atmosphere of a class may be considered. 

Do the pupils come to class willingly or reluctantly? 
At the end of a lesson are they satisfied and happy? 
Do they seek to be excused from attending classes? 

(c) If the organization of the school permits, the help of pupils may 
be enlisted in preparing for. lessons by setting out experiments, 
in keeping shelves and cupboards tidy; in renewing labels, and 
in keeping the scientific apparatus clean and in good condition. 
A teacher can make a fair estimate of a pupil's attitude to the 
subject, and of the extent to which he has developed a sense of 
responsibility, by observing his willingness to take in turn his 
duties and his appearance in the laboratory at the appointed 


time. 
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ORGAN(ZING A SCIENCE CURRICULUM 


2 a ; vital role in 
whenever possible, the classroom Science teacher plays a vital 


Fiir E he 
the development and organization of the science programme 
expected to follow, 


„Criteria for organizing Science content 


A : " xt with 
l. Science teachers meet regularly with Science specialists, 


s D an 
consultants, and with science teachers from other schools to plan 
formulate Objectives. 


Sity but can also lead to problem Solving 
on the part of the learners. 


2. Science teachers organize materials in orq; 
attitudes, skills in scientific discovery through an emphasis on induc- 
tive and deductive reasoning, and open-ended experimental activities 
which include attitudes and manipulative skills as Well as scientific 
information (cognitive domain). 


The science teacher, for example, displays four bottles containing 
clear liquids. They all look like water but the Students are given aD 
opportunity to identify the problem how to: figure out which bottle 
contains pure water. A series of hypotheses and experiments are 


proposed, with observations and an analysis which leads to the 


er to develop scientific 
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Eat solution of the problem. Students learn scientific attitudes of 
E peo judgement and not to draw hasty conclusions in addition 
aboratory skills of designing experiments to test hypotheses. 


oes science curriculum is organized to include up-to-date refer- 
alos resource materials, aud resource persons from community, and 
ws the needed flexibility to bring in contemporary discoveries. 

E and appreciations are influenced by selected readings from 
à y, biography, and philosophy of science. In many communities 
Erie ae engineer, biochemist, local health officer and other 
sci ntific personnel can make worthy contributions to strengthen the 
Clence programme. Publications such as Science Today, Science 
Reporter, Science Digest, and Science Newsletter should be used in 


Organizing a science curriculum. Books dealing with the philosophy 


of science, the history of science, and the lives of great scientists. and 
nd the class- 


the science magazines should be both in the library a 
TOOm. 


. 4. Pupil-teacher pla 
influence in the improv 


nning and preplanning can be a very Strong 


ement of curriculum organization. 


A science teacher learns much about science and the students when 
pupils participate with the teacher in curriculum planning. Individual 
Students as well as groups of students propose and suggest projects 
in science that are used for the school museum or science fair. Indi- 
vidual students perform demonstrations in. which they have shown 
interest in bringing to the attention of the class. Textbooks and other 
reading assignments are related to some of the interests and abilities 
of the students, not just the prescribed readings by the science 


‘teacher. 

5. The organization of a science curriculum should enable teachers 
to substitute new ideas for out-dated ones and to augment and 
'supplement current scientific information. Flexibility becomes the 
factor for maintaining an up-to-date science programme. 


Approaches to organizing Content 
The science teacher is always 


Logical and Psychological Approach: 
faced with the problem of organizing the content and learning activi- 
lop and obtain the objectives. 


ties which have been selected to deve [ 
Some science text-books begin the unit in chemistry with the nature 
e the author believes this is a logical approach to 


-of matter because ti i 
the introduction ot S . Some science teachers believe this is the 
best way to Organize a beginning 


student is not given a 
ifücult to teach subsequent concepts pertaining to energy. 
, 


becomes diffi : 
«chemical changes, and more advanced ideas. 


In physics and chemistry classes, it is common to observe th 
mature of matter and energy usually is introduced at the Mee 
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: o intro- 

of the year through a series of definitions. Other topics me the 
uce a science course are air, water, how the scientists 

human machine, ang others. enforce- 

Psycholugical Principles of learning such as a relation- 

ment, applications or Scientific principles, transfer, func n should be 

Ships, and associations with Pupil experiences and interes curriculum. 
Considered Carefully in the logical Organization of a science 


lex versus Known-to-Unknown Approach 


: inning: 
Many science text-books and syllabi are Organized by beg Jest 


t 
4 CMM ; conten 
The teacher can usually justify his organization of science 


than. 
E Principles of PSychology rather 
through rationalization. Some of thes 


for 


^ : ; ceeds: 
nce, pupils’ social and emotional n 
must be taken into account by the teachers 


Contemporary and Functio 


nal Approach f 
Explorations in Space usually are reported on the front page 0 

most daily newspapers. Reports of re i i 

and space journeys frequently ap ear as h 

of these contemporary scienti 


ay include problem- 
Stress creative activi- 


t may prefer to begin 
with atomic energy rather than mechanics. Within a given topic or 
unit, some teachers may begin by referring to a newspaper stent 
pertaining to atomic blasts or radio-active fall-out as 4 basin for 
stimulating learning in this unit. Another teacher 


trati h may prefer to 
Pn rning by performing a demons ration such as the detection, 
initiate lea g by p ie aa te 


» t approach would be to begin with a stimulating. Món 
mec oU ERIS energy followed by a lively discussion. It is 
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typical to find that many teachers, in a traditional manner, use a 


Model of a given atom as a basis for developing the several concepts 
about atomic energy. A few teachers may use previous pupi 


dnd 1 NW 1 ] readings 
nd experiences such as visits to industrial plants to initiate learning. 
Basic criteria to be used in selecting and organizing science materials 


dor effective instruction include: significant contemporary issues and 
iscoveries in science; pupil needs and interests; the degree of empha- 


sis on specific objectives such as behavioural changes, attitudes and 
knowledge; the type of resources available in the community and the 
Nation; the background and experience of the science teacher; the 
ability to keep abreast of scientific discoveries; and the kind of 
initiative and resourcefulness employed by the science teacher. 


Topic and Principle Approach 
A good number of syllabi list science topics and, for each topic, 
many basic principles or concepts. In some handbooks for teachers. 
derstandings or concepts. Facts 


the principles may be stated as un 
tanding. The need for synthesiz- 


appear under each concept or unders 
ing scientific facts that show relationships and applications is apparent. 


Demonstrations, individual pupil experiments in the laboratory, 


projects, reading assignments, and other learning activities are usually 
Suggested in order that the students develop, rather than memorize, 


the major scientific principle or understanding. 


Spiral Curriculum 

As an illustration of how concepts can be extended from one grade 
level to another for re-enforcement and the development of deeper 
meanings, the following concepts on magnetism are listed. 


Lower Grades 


. Magnets pick up different things. 
. Magnets pick up, push or pull things made of iron and steel. 


1 
2 
3. Magnets help us in the home and other places. 
4. Magnets have different shapes and sizes. 
5. Magnets lose much of their energy when they are dropped, 
pounded or heated. 
6. Magnets can pull thr: 
Upper Grades 
Magnets have two poles, North and South. 
The earth is a large magnet and also has two poles. 
A. compass needle can be made with a bar magnet. 
A compass needle is a magent like poles repel and unlike. 
Like poles repel and, unlike, attract each other. 
Generally a compass needle tends to point toward magnetic 


north. 


ough water, glass, paper, and other objects. 


NICA ECO ONE 
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8. Iron filings can help to make a magnetic field visible. 
9. Magnets are impo 


Junior High Schoo} 


l. Magnetism is a form of energy. 
2. € 


ompa: 
3. The angle of declinat 
varies with the magnetic field surrounding it. 


, k 
4. Electricity js induced in a coil when a magent is moved bac 
and forth through a coil of wire. 


5 ce 
o Electromagnets receive current pulsations and help to produ 
Sound in telephones, 


A th 
6. The magnetic force between two poles depend on their streng 
and distance from each other. 


7. Magnetic intensity may be measured in Guass units. des 
8. The degree to which molecules are aligned in a linear or 
determines the Strength of a magnet, 


9. Arbitrary right and left hand rules describe electric currents . 
and magnetic fields, 


Senior High School Physics 


l. The number of turns or loops in a coil of wire and current 
intensity affect the Strength of an electromagnet. 

2. The motion of electrons around atomic nuclei is related to the 
Propagation of minute magnetic fields in molecules. 

3. Most electrical motors are operated by pulsating magnetic fields. 

4. Coulomb's Law: 


1 
Hx dynes 
Another illustration of how concepts became more complex as they are 
developed from lower grades through high school is the study of 
igh school is 
the Study of atoms and atomic energy. I 
learn, *Matter is made up of small particles called mole 
the upper grades, “All matter contains atoms that are m 
tons, electrons, and neutrons." In Junior High Scho 
“Electrons move from one atom to another during chemica] change" 
iS an extension from others started or developed in the elementary 
School. On the Senior High School", the production of 
and gamma rays during radioactive disintegration,” c4 


"Discovery is not to see something first but to establish solid con- 
nections between the previously known and the hitherto unknown that 


9 
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Constitutes the essence of scientific discovery.” 


Robert Wickware says, “a modern programme of science for child- 
Ten cannot be concerned only with a body of content of ideas, but it 
Must help them acquire understanding of how these very ideas have 
developed and will continue to be modified as new techniques and 


felated data became available."? 


, The Stress of Life, New York, McGraw-Hill Book Co., Inc., 


rt, K., Science Teaching and Creativity, Educational 


] obe! 
A WIE up Ro: 159-67, Dec. 1952+ 
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d. 
; a ; ject shoul 
Demonstrations, experiments, pupils Tesearch, and project sho 
lead to the development 


ences to enable Students to mak 
with evaluations, The machanica] 
Should be de-emphasized, 


The Problem having been identified 


i -rejection or self-accep- 
>» OT accept a hypothesis. The self-rejeci ion 
tance of a hypothesis appears to be more effective for greater retenti 


A significant Part of the problem-solving approach is the Erano . 
of experiments, The observations made during the experiments an M 
evaluation of data ina critical fashion constitute a major du 3 
the students are able to formulate a generalization or a con usion. 
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B. Programmed Instruction or Teaching Machines 

" Programmed instruction was developed as a means of individualiz- 
ing instruction. Most activities are programmed by printing sheets 
With inserts or answer-type paragraphs that enable the learner to con- 
tinue at his own speed and to check whether he can continue by not- 
ing whether his response is correct. A few types of the programmed 
materials are actual machines that are either push-button controlled or 
paper or cardboard controlled by the learner. Some resemble toys and 


have an excellent initial appeal. 


Teaching machines are excellent suppleme 


they make students active rather than passi : 
as in the case of other audio-visual aids like TV, radio, movies, and 


Slides. The learner must respond consecutively to a good number of 
questions, and feedback is furnished on whether his responses are 
correct. Some of the machines have levers and knobs, mistakes are 
recorded, and students may be admonished as they proceed in using 
the self (or auto instructional) device. Many of the machines are 
printed textbooks or programmed texts. 
The following comprise features of a co 
N 
whether linear or branchi 


care for content, objectives, and for the mac 
not necessarily by the teacher, but by a qualified p 
on the basis of one or more trials. 
the information and questions of the programme. The 
ether in the form of programmed 
heets suggests that microfilm will 


ntsto instruction. because 
ve participants in learning 


mplete teaching system: 


ng type, prepared with due 
hines structure, constructed 


1. Programme, 
erson, and revised 


2. Storage, 
sheer paper bulk of this material wh 
textbooks, discs or roller foldover s 
Prove to be more convenient. 

3. Display or presentation to the learner whether by programmed 
book, mechanical or electronic apparatus, recordings, or simulator, or 


combination of these. 
4. Response by the learner of some objective or observable sort. In 
this respect, a teaching machine system differs radically from that of 
the motion picture or televison. The response sought, whether recogni- 
tion, recall, or performance, depends on the objectives of instruction. 


5. Pacing, preferably by the learner but sometimes properly regulat- 
ed by the machine on the basis of the learner's competence or the 
timing demands of the product. 
6. Comparator, the arrangement by which the response is compared 
with the correct one given either by the programme or automatically. 

7. Feedback, or knowledge of results or reinforcement, the means 
by which the appropriateness of the response is communicated to the 


learner either as information or reward. 


8. Collator-recorder, the collection and recording of learner pro- 
cesses, whether right or wrong, number and type of errors, cte., with a 
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s s V - , nses. 
view either to Improving the programme or the learner SM 
his is done by school Personnel, mechanically, or electronically. 


. ; nch- 
9. Selector, used with multiple responses, particularly with Ee 
Ing programme in the form of directions to the learner as onses. 
Part of the programme to turn to following his choice of resp: 


"EN EE | the 
10. Computer, with almost unlimited potential for satisfying al 
above Tequirements except preparing the programmes. 


192 
Skinner Maintains: “The machine itself, of course, does not een 
It acts like à private tutor in re enforcing learning by the s iving 
through an Orderly and sequential arrangement of responses, E 
clues Where needed to Prompt correct responses. This is an ae own 
to individualize instruction by having students proceed at thei 
Tate of learning through a mass approach media. 


C. Team Teaching in Science —The Lecture Plus 
, The use of Several teachers func- 
; “eam teaching as a practice has been SAIS. 
èr of colleges and universities for many Ps , 
of three or more faculty specialists are inv fo'a 
ures from his speciality (uis 
arge group of students (perhaps 75 to a few hundred in a lec for 
hall). The large group is broken dowa to many smaller S be 
i i . team teaching in science shoul ch 
laboratory, discussion, research, 

and related Procedures that stress inquiry. 


D. Personalised System of Instructions 


1. Skinner, B.F., Teaching Machines, Science, 128: 969-997, Oct. 1958. 


2. Stolurow, Hawreace. M., Teaching by Machine, U.S. Office of Education, 
: Cooperative Research Monograph, No. 6, 196!, p. 61. 
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responsibility. He accepts the responsibility of meeting hi ithi 
y. F g his goal with 
the normal limits of manpower, space and equipment. 5 


Assumptions of PSI 
PSI has been developed on the basis of the following assumptions: 
l. No two individuals are alike. Every person is'a complete indivi 
dual of his own pattern. pe 


. 2.Many individual 
instruction. 


3. If. instructional presentations 
differences, ail learners can achieve 


differences affect a student progress in 


vary in response to individual 
the same terminal performance. 


Organisation of a PSI Course 


In this method the PSI teacher divides his course into small units of 
work, writes a "Study guide" for each unit to supplement the text- 
book and recruits a corps of the proctors who are willing to participate 
for academic credit. He meets the class and explains how the course 


Tuns. 


Instructions to the PSI Pupils 
l. Each student will work individually at his own pace. 
2. Each student must pass unit of the course before going on to the 


next one. 
3. Lectures and other instructional content will be provided occa- 


sionally only for environmental purposes. 


4. Essential subject will be given in writing, on tape or film, by 
computer or by any other means to the student when he is 


ready. 


5. Each student will have a proc 
diately, face to i personal tutoring, coun- 
selling and encouragement. With slight 
management, à PSI forma 
tion of our educational system because: 

nventional classroom facilities and 


(a) The PSI format utilizes co 
does not require special learning centres or elaborate physical 


facilities. 
s to the traditional course time limit which 


(b) The Keller Plan adapts 
is usually six hours in schools and three or four hours at the 


university level in our country. 
(c) The personalised work relies on traditional textbooks and mate- 
rials except study guide which is prepared by the PSI teacher 


A study guide is the nucleus of the course, 
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Main PSI Personnel 


Four major individuals are necessary for efficient operations (1) The 
PSI teacher, (2) PSI Instructor, (3) Proctor, (4) Class assistant. 


The Role of the PSI T, eacher t 
The success of PSI programme depends upon the competency of 
PSI teacher. He is the leader of this course. He plays a vital role 
better output of this operation. His roles are: 
l. He works as a manager and an observer SI 
2. He deals with the situations which go beyond the control of P 
Instructor and the Proctor, ; 
3. He solves the problems of a student who missed the course for 
two weeks. " 
4. Special problems of handicapped students are tackled by him. 


5. The deficiencies of his prepared materials for PSI course are re- 
moved by him. 


6. He maintains motivation and interest among the pupils. i 

7. He arranges all necessary materials and incentive for promp 
work. i e 

8. He is responsible for creating cordial and Cooperative relations 
am 


Ong the personnel. For this he praises the good work of his 
students and his staff. 


9. He brings about democratic environment and avoids threats and 
Punishments, 


10. He pays keen attention to the consequences that follow his 
students’ behaviour. 


11. He distributes good written materials like study guide and test 
forms, etc. 


Role of the PSI Instructor d 

1. To design the course instructions, 

2. To help PSI teacher in Preparing competent written materials. 
3. To set up adequate book keeping practices, 
4 


- To cope with the inevitable day-to-day decisions regarding class- 
room policies. 
5. To arbitrate any disagreement that may arise between a student 
and a proctor. 
The Proctor 
The proctor has the most important aspect of the PSI classroom, It 
is through his efforts and availability that the course js ‘personalised’. 
In most PSI courses, a ratio of one proctor for every ten students has ; 


proctors are selected who are.graduate students and inte 
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S appointed from the PSI students who have proved their masery 
the most course units by a particular test day. Internal procttors 
Correct and discuss tests of their classmates who have not progressed 
so far in the course materials. 


Class Assistants 

Class assistants are also necessary to run PSI course well. They are 
Tesponsible for unit test, check out and for other helps. One or two 
assistants over the class with less than 100 students are essential for 


Smooth functioning. 


Salient Features of PSI 
The success of Keller Plan depends upon the following steps which 
are necessary and essential features of PSI. These are: 


1. Outcome specifications. 
2. Small units of work. 
3. Immediate and specific feedback at every step. 
4. A requirement of mastery at every step. 
5. Self pacing. 
6, Interaction with PSI personnel. 
7. Absence of regular lectures. 
8. Successive approximation. 
9. Active responding. 
10. Critical information written 
ll. Use of Proctors and Instructors 
PSI seems to work well because it involves small units of work, 


immediate and specific feedback at every step and a requirement of 
mastery at every step. Other features seem to be less crucial. 


For whom is PSI Effective? 


An important concern in PSI res! 
method is most effective. 

The PSI course is most beneficial for the low aptitude students. High 
aptitude students would do almost as well as through any other 
methods. It also appears to depend on the course and on the materials 
and procedures that PSI personnel use. When the content to be mas- 
tered is complex and difficult the high aptitude students may be helped 
more by small steps, feedback and mastery. With less demandin 
material the low achievers may get the extra boost from PSI méthode 


logy. 


E. Supplement Cla 
Books and other Publications 
Uses of a Science Textbook. In most, the textbook serves as a guide 


by PSI teacher about the learner. 


earch is the student for whom the 


ssroom Instructors 
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assignments from other books, paperbacks, periodicals, reprints, ys 
newspapers. The Intent of each of the curriculum committee 2 from 
Use not only their Own materials but also to stimulate reading fr 


Another function of the textbook is to supplement or enrich fus 
Science Syllabus, Frequently, Science teachers may use more than v 
sclence text for a given Class. Tney may wish to have th 
Students read more than one text for a specific assignment. 


: iginat- 
enforce learning that may have origina 
ed in the Classroom or laboratory, on the field trip or outside 0 


m a textbook is Used E 
it i i 5 s & information and bei ; 
able to apply it in different situations ?r in solving problems. This 


) r ding again Or by repetition of 
Seeing or hearing experiences wil] become part of the pupil learning 
experience if it has meaning or purpose, 


Science textbook and 
Teactions to the 


These are a few questions the science teacher takes into 
tion before adopting a classroom textbook. He Should also evaluate 
the criteria to be used in selecting a text, Printed Materials especially 
textbooks, make a Vital contribution to the teaching o Science. 


considera- 
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Despite the charges that textbooks are misused in teaching, they are 
Tecognized as important ^vls to learning. They can help the teacher 
to individualize instruction since they permit each student to read at 
his own rate of comprehension; they are economical in that texts may 
be used for a number of years: they can help students learn now to 
study, to read better, and to solve. problems; they promote further 
learning; they give unity to à course and, finally, the printed page 
reinforces the learning in or out ofthe classroom by providing the 
student with reading materials to be studied at different inter vals. 


In many science classes more than one textbook is available to the 
students. In all classes at least one textbook should be availab'e to 
each pupil. Frequently, the science teacher is asked to recommend a 
science text or several science books for purchase. Mallinson? suggests 
the following criteria in selecting 2 textbook for high school science. 
The level of reading difficulty. up 
The style of writing. 

The nature of illustrations. 
The suggested supplementary activities. 
The provision for individual differences. 


6. The clarity and organization of materials. 

Some scieace teacher would also consider the manner in which 
simple-to-complex materials are organized. The level of reading 
in terms_of vocabulary, should be carefully 


difficulty, especially 
evaluated for different classes. Frequently, a more advanced textbook 
is very much desired by a sciznce teacher for most of the students. 


Mallinson wrote: 
Once a textbook has been selected it should be examined carefully 
to determine whether or not the difficult terms have been defined 
and explained either in the text or in the footnotes when they are 


used for the first time. 

If the teacher finds a nuinber of words that are likely to cause 
difficulty for the students, it may be wise to list them. The students 
should be given specific instructions in their pronunciations, spellings, 
and meanings before the words actually appear in the text. Thus, it 
will not be necessary for the teacher to spend time correcting miscon- 
ceptions that arise from the pupils’ misunderstandings of such words. 


Nogel* developed an cvaluation scale that may be a guide for 


selecting science textbook. His criteria are grouped under 10 major 
headings: qualification of the author, organization, content 
, 


Som: problems of vocabulary and reading di 
school szicnce. School Science and Ve ait 
, 


REMIT 


3. Mallinson, George G., 
in teaching junior high 
52: 269-214, April 1952. 
Vogel, Louis F., A spot-check evaluation scale for hi . 
Toubooks. The Science Tea te^ 13: 70-72, March 1951, igh school science 
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Presentation, accuracy, readabilit 


. s, 1 S- 
Y, adaptability, teaching aids, illu 
trations, and appearance. A simila 


à ed 
r rating scale was also develop 


7 r 
be made by an individual science tesa 
» it may be helpful to obtain answ 


l. Are the major objectives o 
in selecting a text? 


in the 
2. How is the content in the syllabus related to the content in 
textbook? 


: : > idered 
f teaching science being consid 


3. Are publishers’ catalogues which | 
along with the new texts? 


4. What is the quality of the cover, paper, printing, binding, 


; 3 E : a ; ivi- 
graphic and pictorial aids, study guides, problem-solving acti 


2 * a hp > P ; elf- 
ties, film listings and descriptions, bibliographies, and S 
evaluation devices? 


What is the level of difficulty of readi 
Is the text attractive and readable t. 
Is the text accurate and up-to-date? 
ext have a high interest level? 

Do the reading materials Suggest problem 


; camined 
Ist new books being examin 


Lonau 


-Solving activities? 


* 


9. Burr, Samuel, E., A Rating Scale for Textbooks, y, of Edu., 132, 1 38. 
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TEST CONSTRUCTIONS IN SCIENCE 


A. EstablishIng Test Specifications 
l. Specification of Fuuction and Content 
sed to accomplish. 


The first step is to decide what the test is suppo 

This is easily said, but less easily done. One must specify first the kinds 

of actions or decisions to be based on test scores. The test might be 

used as a basis for prediction, for assessing OT certifying current 
our. Once the broad 


competence, or for attempts to understand behavi 
fined, the tester must become more specific and define 
conceptually the constructs to be measured. In personnel work, these 


must be relevant to the job situa 

there is no substitute for observing peopl 
results of their work, and aski i 
they were accomplished. 


Specification of Content 

A construct is specified W 
rently as possible, his concep 
is, however, the development 
test consists of operations: 
answered. These stimulus ope 

It is easier to specify in advance the content 0 
than of an aptitude test. The content of an aptitude test must be deter- 
mined empirically; the content of an achievement test 1S based on the 
objectives of measurement. Of course, the distinction between achieve- 
ment aptitude is one of use, not of construction. If one Is developing 
an aptitude test, it is convenient to think of it in the early stages as an 
achievement test; the result is likely to be a preliminary form that will 
cover more varieties of content than will be useful in the prediction of 
future behaviour. The selection of the appropriate content for predic- 
tive purposes then becomes an empirical matter. 
Two kinds of objectives are important in building. achievement 


tests. These are: 
(i) Subject matter objectives, specific bits of knowledge or skill, and 


(2) process objectives, responses to or manipulations of the subject 


as precisely and cohe- 
tual definition of it. Test development, 
of operational definitions. As such, a 
tasks to be performed or questions to be 
rations are the content of the test. 

fan achievement test 


hen one has stated, 
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s illustrated by Thorndike and Hagen d M 
ations, Subject matter was papanie OH 
ies, the first being “The Growth o iem 
bjectives were to find out whether a facts, 
concepts, (2) has a ‘store’ of basic ships, 
development and of casual relation uet 
(4) understands broad Principles, (5) can apply such principles in 
Situations, (6) can find andi 


2 h aluate 
d interpret new information, (7) can eva 


! : and 
evidence critically, and (8) exhibits “socially desirable attitudes 
appreciations”, All 


s e to 
of these can be expressed without oie i 
Subject matter. Any or all of them can dictate the nature of the c 
Of the test, Without Specifying the topics to be covered, 


2 Specification of Population 
There are Obvious Teasons for be 


jon 
cing specific about the populate 
for whom the test is intended. For One, items must be written s 

they will be understood by peopl 


€ within that population. 
3: Specificatian of Test and Item Types 
To some degre 


ara : a- 
? the specification of function content, and popul 
tion may dictate ihe type of the 


test to be used. If one’s purpose, ao 
example, is to determine skill level in machine operation of SPESI mi- 
kind of mechine tools for specified kinds of problems among SIDE 
grants who do Not speak the language here, he will probably devel h 
the general intellectua] level of a group of pes 
School graduates is to be determined with a brief, untimed power test, 
then some form of Paper-end penci| testing is called for. 
4, Free-response Items 


Free-response, Sometimes called Op 


2 A ich 
en-end, items are those wis 
a task is given or 4 question asked Without imposing any restrictio: 


» Such items may range 


age to the free-response item is that it requires 
the subject to Produce the answer rather than to 


nt and expense for the tester, it is also a Serious 
Source of unreliability, 
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5. Objective Tests 


In contrast to essay examinations are those where only a limited 


number of responses are possible. Characteristic item types include 
true-false items and multiple choice items. Tests composed of such 
items, at least among aptitude and achievement tests, are said to be 
objective tests. 

The major advantage of the objective test is that responses can be 
unambiguously classified either as right or as wrong answers. The 
result is a high degree of reliability. Objective tests offer further 
advantage of permitting the tester to include a broader sampling of 


test content. Objective tests, of course, call more for recognition than 
for recall. They are often criticized, therefore, as superficial. This is a 
presumed rather than a real disadvantage to the objective test. When 
an objective test is also superficial, it is quite likely that the test 
builder has been careless or unimaginative in the invention of the test 


items. 


6. Completion Items 

Strassling between objective tests and free response tests are the 
completion items. In these a sentence 1S given W 
or phrase omitted. The testee ‘S to fill in the app 


ing is somewhat 
in the usual sense. 
the missing space; 
required in scorin 
unreliability is still a! pro 

All too often completion ite 


of the work books accompanying textb r 
demonstrate rate recall of a specific verbal formula is often necessary. 


If a completion item is to have any merit, it must be a fairly complete 
and unambiguous statement, the sense of which is clear to any reason- 


ably well-informed testee. 


“Usually more than one res 
therefore, some exibili 
g. This is tantamount to an à 
blem with such items. 
ms become absurd, as a glance at many 
ooks in general psychology will 


7. True-False Items 
Nothing is more easily scored than an item to be marked either 


“true” or “false”, but no other type of item has less to recommend 
about which there can be no 


it. It is limited to purely factual items, 

debate. It is susceptible to contamination from systematic response 
tendencies of the people tested; some people have greater tendencies 
“acquiesce” (to mark any item true) than do others and individual 
differences in this tendency may account for the major portion of the 
variance in sets of items using this format. Thus the response may well 
depend on variations in the interpretation of certain words, or on 
variations in standards of what is true. About all that the true-false 
format has to recommend it is that it is a fast and easily scored 


method of getting an assessment of group of factual knowledge but 


118 TEACHING PHYSICAL SCIENCES IN SECONDARY SCHOOLS 


the same can be said of other test formats which have other virtues 
as well. 


8. Multi;le-Choice Items 


The multipie-choice-item format is not only one of the most cona 
mon types but it is also one of the most versatile. Such items can. 
used to test for grasp Of factual information or for reasoning 
ability. Multiple-choice items can be written for definitions of tera 

or statements of purposes or objectives for identification of € 
effects, or associations; for recognition and identification of errors; fe 
the evaluation of alternatives; for the detection of differences, similan 
ties, or common principles; for the recognition of steps in sequence; 
or for understanding the nature of the arguments in a controversy. 


^ e 
There are three parts to a multiple-choice’ item: the stem, th 


4 ga 
f $8 represents a completion ofa Beri 
ment that is correct or best. The suggestions for good multiple-cho 
items can be summarised as follows: 


First, give each item some “face validity", Every item should be 
obviously relevant to the announced Purpose of the test: morcover, the 
language should be appropriate, both in level of difficulty and 1n 
choice of words. 


Second, be sure that there is onc Correct (or best) answer. Be sure 
that distracters are false; if all options are partly acceptable, be able 
to identify a Principle by which one answer js Clearly better than the 


Others. If the Question deals With controversial 
Position held by some Specified expert or autho 


first as a question, this clarifies in the test builder's thin 
of the task he wishes to pose. As i 
be in the stem, so that the options are as brief as Possible. Brevity, of 
Course, is also desirable in the Stem; excess Verbiage can create ambi- 
guity care must be taken to eliminate irrelevant material (unless, of 
course, the problem is to distinguish the Crucial aspect of a problem 
from minor detail), 

Fourth, avoid Offering 
“specific determiners tee to identj re- 
ferred option without the desired knowledge, F. MAS 


A : 4 avoided by usin 
the article from “a (n)” or starting each Option with n E 
article. 


Fifih, maintain a consistent number of Options. If it is Necessary to 
vary the number of options, do it early'in the test SO that no Special 
sets are established, 
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_ Sixth, be sure that the distracters are plausible. A good item is one 

in which poorly informed subjects distribute their wrong answers 

rather evenly. A good way to develop plausible distracters is to 
liminary sample. 


administer open-end questions to a pre 
ontent. When every 


Seventh, keep the distracters homogeneous in c 

option refers to a different aspect of the problem, each one becomes 
in effect a single true-false item; the answering is then based more 
on cleverness in elimination of options than on knowledge or under- 
standing of the material covered by the test. Options must, however, 
be independent of each other. If two options are merely different 
ways of saying the same thing, both of these can be quickly discarded 


by the clever judges. 


9. Matching Items 


A potentially excellent t 
of objectivity in scoring 
arrangement test. This con 
in essentially random order, to 
the testee. 


, There are many situations whe I 
Important enough to be tested. Object: 
to size, merit, or complexity. Events or ope 


arranged in chronological order. 


B. Specification of Test Budget! : 
f the total material to 


By “test budget” is meant an allocation o $ 
the various content areas. This may reflect judgements of the relative 
reas; content validity, however, will be 


importance of the different a n i 
ion to cells is proportional to the amount of 


greater if the allocati f { r é 
information in similar cells in the earlier specification of content. 


ich has the twin virtues 
the testee to think, is the 
of statements, presented 
d in a proper sequence by 


ext device, one wh 
and of requiring 
sists of a number 
be arrange 


re knowledge of sequence may be 
may be arranged according 
rations ina task may be 


RE sean h t cify the t 
owever, to spec! 
Roba T hen asked how long a man's 


included. Legend has it that Lincoln, W x 
legs should be, replied, to reach the ground.” A 
similar answer can be given 


long enough to cover 
cal matter of what is to be covere 


of time. 


C. Specification of Time 


Parallel to the specificatio 
specification of testing time. 
obvious aspect is the setting of 


n of the test budget, therefore, is the 
This is à two-pronged problem. Its 
actual time limits. A prior question, 


1. Guion, Personnel Testing. 
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There should be more caution in using time limits; they may iE 
undesirable consequences for mental measurement. It has fati 
Suggested that time limits may be invisible barriers that keep us AES 
access to the mental functions we wish to measure—invisible beca 
We so often neglect to report or describe the speed of our tests. 


"e A B é ” S 
A distinction is often made, or attempted, between ‘ speed ioe 
and “power” tests, the latter being those that show that what t 


able to finish. Such tests combine elements of the speed test and the 


Power test, and the Proportions are likely to be different for different 
subjects, , 


Mollinkopt has argued that time limits Serve to define the task, ud 
that instructions should make the nature of the relationship of ed 
to’ performance explicit. His argument ís based on the observatio: 

that the same test material measures Something quite different when 
given under the different Conditions of time limits or of no time 


D. Objective Testing? 
The Principal Advantages of objective testing are: 


1. Because the items are short it is possible 
number of items than would be possible using othe 
tests. A greater number of items— ik 
physical measurements —gives a resul 
it increases the Reliability of the test, 


2. A wide Tange of syllabus can be convered 
answer a large number of items in the ti 
being given a choice of items. 


because the pupil can 
me allowed without 


3: In objective testing there is almost complete marker reliability; 
this is'not so in other test forms. 


4. Marking of objective tests is much more rapid than with any 
Other type of test. Objective tests can be either machine marked 


2. Houston, J «G, Principles of Objective Testing in Physics, 
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II. 


or hand marked by unskilled personnel. This is a valuable 
saving of time and money when the number of candidates is 
very large, e.g., in a national examination. i 


Objective testing can be readily used for diagnostic purposes by 
the teacher during the course. The items used are specifically 
désigned to evaluate particular educational objectives. The 
rapidity of marking gives the teacher the information he requires 
and gives it in a useful form more quickly than it could be 
obtained using other types of tests, in which.it may be necessary 
to evaluate all the objectives of a course in order to evaluate 
any. 

Using objective testing it is possible to devise a test in which 
each item evaluate a specific objective. 

Each item in an objective test can be pretested before it is used 
in the test so that ambiguities in wording etc., can be discovered. 
It is also possible that to confirm that each item in the test is 
of the correct levei of difficulty and contributes positively to 
what thetest as a whole is evaluating. Due to the formal objec- 
tive tests it is easy to produce from the results of pretesting, 
the statistical evidence on which the suitability of cach item for 
inclusion.in the test proper can be judged. 

tests because the itmes have been pretested the 
intention of the setter is clear and unambiguous; and the candi- 
date knows precisely what. is required for each mark. With 
other types of tests ambiguity in wording may lead to the candi- 
dates submitting answers to questions which the setter, did not 
intend to ask. 


The Disadvantages of objective testing are: 
Objective testing take much longer to prepare than traditional 
testing (Essay type). There has to be a large number of items. 


Objective tests have to be constructed by skilled setters who have — 
been trained in the techniques. 

Objective items do not test the ability of the candidate to 
organise information in a logical order and express clearly the 
development of an extended argument. 

Objective tests do not stimulate new ideas nor the ability to 
develop an *open-ended" situation—the situation is already 
created for the candidate. The ability to exploit open-ended situa- 
tions is important in physics and has to be evaluated in another 
way. p 

The scores (i.€., marks) gained in objective examinatio 
become unreliable because the candidates have HP d "s 
answers. For this reason it may be considered necessary to tak: 
steps to discourage condidates from guessing. e 


In objective 
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, : test 
6. There isa tendency to set Objective items in physics Mr: the 
only the ability to recall knowledge. When most P dani willl 
items test only this ability, in Preparing for the test stu ted. This 
‘cram’ Knowledge and the higher abilities will bc neglec crhaps 
is just as likely to occur with other types of tests butit is p 
more obvious when the items are of the objective type. 


HI. Guessing in Objective Tests 


: ; 100 
large number of pupils attempt a test which consist of i 
true/false items and h 


9f this kind of guessing, 
IV. Correction Jor Guessing 


There are two ways in which Pupils can be discouraged from gues- 
sing in Objective tests. 


3 ? i k 
1. By employing a penal guessing formula, e.g., by deducting a mar 
from the pupils’ score for each item wrong. Where a harsh eon cee 
formula is used the Pupil is discouraged from completing the test: it i 


more profitable to leave an item unattempted when a mark is deducted 
for each item Wrong. i 
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2. By using well-constructed and pretested items such as multiple 
choice four or five response items in which the pupil is discouraged 
from guessing by the number of alternative responses provided, ‘and 
by the plausibility of the distracters offered. 


V. Correction Formulae? 
_ One correction formula commonly used to adjust scores for guessing 
is described below. It assumes: 

(i) That all guessing is random guessing. s 

(ii) That all wrong items are wrong because the pupil guessed 
wrongly and not because he had wrong knowledge. 


. It follows from (i) that as the number of responses provided 
increases the chances of getting an item, correct by guessing above 


decreases. 
No. of responses Chance of being , Chance of being wrong 
A correct by guessing by guessing 
2 1 in 2 1 in 2 
3 1 in 3 2 in 3 
4 1 in 4 3 in 4 
5 lin 5 4 in 5 


response to multiple choice items with 


four/five responses is likely on average to answer only ONE item correct- 
ly for every three/four items. He answers wrongly; cf. true/false items 
Where guessing gives ONE item correct for every wrong item. 


The marker of an objective test cannot tell whether a wrong answer - 
results from guessing or from wrong knowledge. Where it is assumed 
that All wrong items are the results of ‘bad’ guessing—(ii) above—in 
a test comprising multiple choice five response items, for every four 
items a pupil answers wrongly it follows that he answers. ONE item 
correctly, also by guessing. Should he answer twelve items wrongly by 
guessing it is reasonable to assume thathe answered three items cor- 
Tectly by guessing and three marks therefore be deducted from his 


Score. 


Where a candidate guesses his 


Example 

A pupil answers 28 items correctly in a test consisting of 40 
multiple choice five response items. It is assumed that he has all 12 
items wrong because he guesses incorrectly. For every 4 items he 
answers wrongly by guessing he answers one item correctly by guessing. 
He has 12 items wrong so that he must also have 3 items correctly 


guessing. Three marks are therefore, subtracted from his score, i.e., 


3. Houston, J.G., Ibid. 
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: ' Corrected Score = 28 — p. = 25 
In general wy 


A No. of items wrong - 
Corrected Score — Original Score — boul 1 
RASINES Wi: 
r me 
Where Re is the corrected score 


R is the number of items the pupil has correct 
is the number of items the pupil has.wrong 
assumed all as a result of guessing). 


e 


3 t ; factor 
n is the number of responses per item. The correction : 


; is probably , 
n — q decreases as the number of responses increases. It is pró 


not worthwhile usin 


z more 
8 a correction formula where four. or 
Tesponses are offered. 


VI. Disadvantages of Correction Formulae 


Correction formu 


: T cases 
laeshould not be used except in special 
because: 


e ALL items in the test. 
orrection formula: 


Re-R— W 
n—|] 


and 
W=N—R Where N=the total No. of items in the test. 
Re=R— N-R) —R(n—1)-(N—R) 
n—]| a=] 
N 
n=] 


n 
=~ n2] e: R 
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n reed : 
an "ges which is also a constant i.e., : 


peas: in Re are directly proportional to increases in R, and the 
ace of marks is not changed by the use of the correction 
a. 


si 4. Pupils should be encouraged to complete the test even by gues- 
Ng so thatall are assessed on the same scale. The use of a correction 


formula discourages pupils from guessing. 


„5. In a good test pupils will not make, random guesses but will 
eliminate the distractérs which they know to be wrong and guess 
amongst the responses left. Guessing correction formulae are appro- 
Priate only where random guessing has occured. A 1 
q Correction formula should be applied only where it is essential that 
the pupils be discouraged from guessing, There use may be justified. 
in the following cases: 1 

(i) Where the test is being used for diagnostic purposes. Guessing 
destroys the diagnostic value of the test since it ‘disguises the 
pupils’ weaknesses. A teacher may want to know whether a 
pupil answered a particular item correctly because he knew the 
answer or because he was lucky enough to guess correctly. 


(il) Where the test comprises items such as true/false in which 
the item form ‘makes guessing a worthwhile enterprise from 
the pupil’s point of view. , 

Where the test is a good one consisting of multiple choice items with 
four or more responses and the items have distracters which are 
attractive to pupils with wrong information there is unlikely: to be 
much random guessing because: 

(i) The item type makes random guessing unprofitable. In a 100 
item test of multiple choice five response items where 1000 
pupils make random guesses at all the items, their marks 
would range from 7 to 33 per cent. None would score half 
marks. The average mark for the test would be about 20 per 
cent. if X E ý i 

(ii) Pupils will get items wrong not by guessing but because they 
think that one of the distracters is correct. - 

e the purpose: of an object test is to establish a 
rank order of marks the use of correction formulae is of little value. 
In a good objective test little random guessing will occur. 

Objective-Type Tests in Physical Sciences: For evaluating the 
students with respect to different objectives of Physical Sciences, the 
author has constructed a battery of six objective-type tests, These tests 
cover the following aspects of Physics and Chemistry. 


In conclusion, wher 


126 TEACHING PHYSICAL SCIENCES IN SECONDARY SCHOOLS 
Physics 
Test No. 1. Facts and Technical Terms 


Test No. 2. Principlés, Laws and their Applications 
Test No. 3. Numiericals 


Chemistry : 
Test No: 1. Facts, Symbols, formulae and Chemical Equations 


Test No 2. Chemical laws, Properties and their Applications 
Test No. 3. Numericals 


' PHYSICS TEST NO. i (FACTS & TECHNICAL TERMS): — 


Time—40 mts. Max. Marks=38 
INSTRUCTION 4. An isolated N—pole placed 

Put an ¥ mark in the answer in a magnetic field: 
Ox Opposite to the correct 1. Will move in the direc- 


answer in the following questions. 


1. Th itiseta f mens tion of the field 
: € centripetal force is given ; > irec- 
by the expression: 1 2. Will move ina direc- 


A Ve | TOP OF 
tion opposite to that 0 
1. ay o field a o 
x 3. Will remain stationary 
2. mvr [1 
2 E atl 
Seem im] 4. Will move at right angles 
a ; to the direction of d 
4, Amt = . field 
ea 5. Pick out the _ scalat 
2. Cm/sec? stands for the unit quantity from the follow 
of ` ing: , 1 
1. Acceleration o 1.: Energy o 
2. Force Oo 2. Force | o 
3. Moment’ [] 3. Velocity : m 
4. Energy j m 4. Momentum Jg 


3. When a mirror is rotated 6 
through an angle 6, the 
reflected ray will be rotated 
by: * 


- Magnetic moment can be 
measured by a: 


1. Pyromter o 
1. Angle 0 i ples: 2. Deflection - Magneto: 
2. Angle 20 i ‘Oo meter : o 
3. Angleð/2 0 '- 3, ‘Hypsométer ri 
4. Angle 40 Pl 4: Dynamometer ri 


f 


"Gupta, Sharwan Kumar, Factor Analysis of; Higher Secondary, Pré- 
University passzd students in different aspects of Physical Sciences Ted: 
Mathematics, Ph.D. Thesis 1974, Kurukshetra University, P. 149, 
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. Wattstands for the unit 


The dimensional formula of 
angular velocity is: 
1. MLT 

2. MD'T^ 

3. ME T! 

4. KP T° 


auod 


. Mass is given by the 


relations 

1 _ Velocity — 

' Acceleration 

Force 
“Velocity 
Force 

“Acceleration 
Distance 
Velocity 


1. Force 
2. Work 
3. Power 
4. Charge 
Solar eclipse is seen when: 
1. The moon comes in be- 
tween the sun and the 
earth [m 
2. The earth comes in be- 
tween the sun and the 
moon mi 
3. The sun comes in be- 
tween the earth and the 
moon O 
4. The line joining the 
centres of the moon and 
the earth is perpendi- 
cular to the line joining 
the centres of the earth 
and the moon Oo 


DiS Gib) ep “Ely a 


11. When rays from the sun 


pass through a glass prism; 
the emergent beam shows 
all colours of the rainbow, 
This is so because; 


12. 


15. 


16. 


. Check the correct relation: 
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1. The prism adds colours 
to the sun light Li 
2. Sun light is split into its 
constituent colours C 
3. The screen that receives 
the emergent beam pro- 
duces these colours O 


The air on the other 
side. of the prism adds 
colours to the emergent 
beam 

The acceleration due to gra- 
vity is: 

1. 9.80 meter/Sec 
2. 9.80 meter/Sec 
3. 980 meter/Sec 
4. 32 cm/Sec* 


> 


0000 


ampere 
volt d 
volt 
‘ampere 
volt 

3. Ohm= “ampere 


4, Ohm=volt x ampere oO 


1. Ohm= 


2. Volt= 


. Water has maximum density 


at: 

1. °C m 
2c 5E 0 
3. —4C [s] 
4. 4C oO 


In the visible spectrum the 
colour having the shortest 
wavelength is: 
1. Red 

2. Yellow E 
3. Blue 0 
4. Violet o 


The dimension of work is 
1. MLT? 
2. M?LT^ 


oo 
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17. When milk is churned, the 


18 


19. 


:3. Frictional force: O 


TEACHING PHYSICAL SCIENCES IN SECONDARY SCHOOLS ' 


3. ML-T? o 
4. MLT3. C 


cream separates from it due 
to. the: [ 


1. Cohesive force o 
2. Centrifugal force 


4.. Gravitational force o 

Coefficient of volume expan- 

Sion is: 

1. Equal to the coefficient 
of linear expansion Oo 

2. Twice the coefficient of 


linear expansion ^ "ful 
3. Thrice the coefficient of 
linear expansion o 


4. ‘Less than the Coefficient 
of linear expansion Q 
Coefficient of Superficial ex- 


pansion is: 
1. Less than the coefficient 
of linear expansion E 
2. Equal to the coefficient 
of linear expansion Imi 
3. Twice the coefficient 
of linear expansion o 
4. Thrice the coefficient . 
of linear expansion O 


20. The nucleus of an atom gene- 


21 


rally contains: 


1. Protons, electrons o 
2. Protons, neutron, : 
` electrons o 


3. Electrons, neutrons O 


3. Latent heat LI 


22. Dimension of pressure is: 


I3. 


4. Thermal capacity . [] 
a 


t. ML^?T^? à 
2. ML~2T-1 oO 
3. ML~2T-1 c 
4. MLT? o 
In phosphorescence: 

1. The wavelength of light 
emitted is greater than 
that of the incident 
light a 

2. The wavelength of light 
emitted is shorter than 
that of incident light 

3. The wavelength of light 
emitted and that of 
incident light are equal B 

4. The wavelength of light 
emitted may be greater 
Or less than that of the 


incident light - a 
24. The density of water is: 
l. 10° Kg./meter? pgs 
2. 10* Kg./meter? a 
3. 1.0 Ké./ meter? alg 
4. 107? Kg./meter ` O 


25. 


26. 


4. Protons, neutrons Bb 


The heat which is used up 
in changing the state of a 
body without raising its 
temperature is called: 

1. Calorófic value (m) 
2. Specific heat O 


‘ 


The refractive index of glass 
is least for: 


1. Red light " 
2. Yellow light C 
3. Violet light mi 
4. Green light o 


Water is boiling in a flask 

over a burner: 

To reduce its boiling tempe- 

rature one must: 

1. Reduce the surrounding 
temperature 


2. Connect the mouth of 
the flask to an evacua- 
ting system 
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21. 


NA; 


28. 


29. 


30. 


3. Supply heat from g less 
intense source o 
4. Connect the mouth of 
thé flask to a compres- 
sor oO 
Fora gm—molecule of an 
ideal gas: i 


uk ; at = calories m 


à: EM za ar -calories Ü 


3 Y =4.7 calories Li 


4: 2Y na2x 107 ergs O 


The temperature to which a 
gas must be cooled before 
it can be liquefied by pres- 
sure alone is called its: 
1. Boiling point. 
2. Saturation point 
3. Critical temperature 
4. Freezing point 
In induction the charge in 
duced in the near surface 0 
the conductor: 
1. Is similar 
2. Is dissimilar 
3. May be similar or dis- 
similar depending upon 
the distance between. 
them L1 
4. Is zero j [m 
Two mirrors are placed per- 
pendicular to each 
ray sirikes 


ü 


1. perpendicular to the 


original ray 


o 
Oo. 
Li 
a 


31. 


32. 


33: 


34. 
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2, Parallel to the original 
ray 

3. At 45° to the original 
Tay o 

4. At 6C° to the original 
ray fel 

A liquid boils at the tempe- 

rature at which the pressure 

of the saturated vapour 

becomes: : 

]. Less than the atmos- 
pheric pressure. 

2. More than the atmos- 
pheric pressure 

3. Equal to the atmos- 
pheric pressure 

4. Equal to twice the at- 
mospheric pressure o 

The value of acceleration 

due to gravity for earth is: 

1, Greater atequator than 
at poles E 

2. Greater at the poles 
than at the equator 

3. Same at equator as at: 
poles. 

4. Greater.at the equator 
than at latitude 45° NO 


Universal gas constant has 
the unit: 

1. dynes/C* t o 
2. ergs/K^ m 
3. ergs cm/K? o 
4. Watt/K° oO 


A neutral point in the mag- 

netic field is a point where: 

1. The magnetism is 
strongest 

2. The earth’s field is 
Zero 

3. The field due to the 
magnet is zero 

4. The resultant magnetic 


intensity is zero o 


oO 
a 
oO 
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35. Colour of light is determi- 
ned by: 


T. Velocity in air g 
2. Amplitude oO 
3. Frequency m 
4. State of Polarization J 
36. A piece of stone tied at one 


1. Its Kinetic Energy will 
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centripetal force provided 
by: 


l. The gravitational attrac- 
tion of the earth'on n 
satellite : 

3 cket engine at- 
: eco the satellite a 
3. The gravitational attrac 

tion -of the sun on the 
satellite 

4. The radio wave sent by 


; ion to 
i le the ground station 
80 On increasing E the satellite a 
2. Its Kinetic Energy will 38. The number of images of a0 
_ £0 on edcreasing oO : Object placed between two 
3. Its Kinetic Energy re- parallel mirrors is: 
mains constant i. Two o 
4. The centripetal force i F a 
will work up on it o = onr, Li 
37. A earth satellite is kept AIT j o 
moving in its orbit by the 4. Infinite . 
Answers 
D Cy eio a: (1), 5.0) 6 (2), 7. (3), 8.9) 


9. (3. 10. Win (2), 1 
17. (3), 18. (3), 19. (3); 20. (a) 


25. (1) 


33. 2,34, (4), 35. (9), S (3, 37. (1), 38. (4). 


PHYSICS TEST NO. 2 (PRINCIPLES & THEIR 
- APPLICATIONS)* 


- (1), 13. (3), 14: (4, 15. (4), 16. (D 
a day 21. G) 22. n 23. (1). 24. x 
26. (2), 27. (1), 28. (3), 29. (2), 30. (2), 31. (3), 32. 2) 


Time—40 mts, 
INSTRUCTION 


Put a 4/ mark in the answer 
box O opposite to the correct 
answer in the following questions. 

1. Whena moving train Stops 

suddenly, the passenger will: 
1. Fall backward o 
»- 2. Fall forward O 


^ *Gupta, Sharwan Kumar, ibid., p. 151. 


Max. Marks = 32 


3. Jump headway B 
4. Remain stationary 


2. "The purity of gold is. tested 
by: 


l. Faraday's laws of 
electrolysis 

2. Archimedes Principle 

3. Charle's Law 

4. Pascal's Law 


0000 
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3. Sudden fall in the reading of 
a barometer means the ap- - 


proach of a: 

1. Storm o 

2. Fair weather o 

3. Cold wave , Li 

4. Hot wave a 
. A straight stick partly im- 

mersed in water appears 


bent due to: 

1. The phenomenon of 
reflection of light 

2. The phenomenon of 

refraction of light o 

The phenomenon of 

transmission of light a 

4. The phenomenon of 
total internal reflection LJ 

. When a body floats in a 

liquid its weight is equal to 

the weight of the liquid dis- 

placed. This is known as: 

1. The principle of con- 
servation of weight 

2. Principle of equili- 
brium a 

3. Principle of floatation O 

4. Principle of conserva- 
tion of momentum 

. It takes more time to cook 

vegetables, meat and pulses, 

etc., at the mountains be- 

cause there: 

1. The atmospheric pressure 
is decreased D 

2. The atm. pressure is 
increased 

3. The temperature is 
lowered 4 

4. The quantity of O; in 
air is reduced o 

. The weight of a body is 

reduced at the moon ‘due to 

the reduction in: ` 


eo 


41. 


`J. The 
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i. Density of the body C1 
2. Mass of the body Oo 
3. Gravity of the body O 
4, Specific gravity of the 
body o 


. Water keeps cool in an 


earthen pot in summer 

because: 

1. Earthen pot does not 
allow heat to enter 
through its thick walls O 

2. It reflects heat radia- 
tions falling on it 

3. It helps water to radiate 
Beat and thus becomes 
cooler 

4. It helps water to 002 out 
and gets evaporated O 


;"Bramah Press works on the: 


]. Newton's.third law of 
motion 

2. Principle ~ of equili- 
brium 

3. Pascal's law Oo 

4. Archimede's Principle (C 


. A piece of wood floats in 


water because: 

total weight of 
water displaced by it 
is less than its weight O 

2. The total weight of 
water displaced by it 
is equal its weight 

3. The total weight of 
water displaced by it 
is greater than . its 
weight 

4. Its density is less than 
water 

Use of. Leclanche cell is . 

most suited for: 

1. Telegraphy a 

2. Ringing electric bells O 

3. Electrolysis 

4. Electro-plating 


-pE 
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12. 


13. 


14 


15. 


16. 


- * the vapour pressure L1 
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Heat Engines work on the 
principle: i 
1. The heat is converted 
into sound energy [s] 
2. The heat is converted ` 
into mechanical energy [O 
3. The heat is converted 
into light energy Wr! 
Clothes keep us warm in 
winter because they: 


1. Supply extra heat to 
body 


El 
2. Do not radiate heat E 
3. Prevent the heat of the 
body from escaping O 
4. Prevent air to enter 
the body L] 


Centrifuge machines depend 
for their working on: 
1. Centripetal force o 
2. Centrifugal force Li 
3. Gravitational force [mi 
4. Electrostatic force o 
A Pressure Cooker, useful to 
cook meals at mountains, is 
based for its working on: 
1. It reduces the boiling 
point after increasing 


2. It increases the boiling 
point after increasing 
the vapour pressure oO 

3. It reduces boiling point 
after reducing vapour 
Pressure 

4. It increases boiling point 


after reducing vapour 
pressure 


A rocket works on the 

Principle of: 

1. Conservation of mass [] 

2. Conservation of 
er, 


Energy (m) 


17: 


19. 


3. Conservation of linear 
momentum 

4. Conservation of angular 
momentum 

The lightning-conductor - 

protects the building from 

the lightning by: 5 

l. Not permitting the 
lightning to fall on the 
building at all 

2. Driving away 
charged clouds . 

3. Forcing the lightning to 
fall on other buildings 
in the neighbourhood C 

4. Conducting the electric 
charge to - the ground 
when lightning strikes 
the building 


the 


. A' monkey is at rest on à 
 weightless rope which goes 


Over a pulley and is tied to 
a bunch of bananas at the: 
other end. The bunch of 
bananas weigh exactly the 
same as the monkey. The 
Pulley is frictionless and of 
negligible mass. The mon- 
key starts to climb up the 
Tope to reach the bananas.. 
As he climbs, the distance 


between him and the 
bananas: vas 

1. Decreases Oo 
2. Increases [] 


3. Remains the same oO 

4. First decreases then 
increases 

Cloudy nights are warmer 

than clear nights because: 

1. Clouds radiate ‘heat to 
the ground 

2. Clouds prevent radia- 
tion of heat from the 
Bround and air fal. 
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3.In the presence of 
clouds, living beings 
absorb more heat 

4. Clouds transmit us 
heat by convection o 


Railway tracks are banked 


on curves so that: 

1. Necessary centripetal 
force may be obtained 
from the horizontal 
component of the 
weight of the train g 

2. The train may not fall 
down inward 

3. No frictional force may 
be produced between 
the wheels and the 
track o 

4. The weight of the train 
may be reduced 

Air conditioning in a hall is 

the process of: 

1. Lowering the tempera- 
ture of hall L1 

2. Heating the ball m 

3. Regulating humidity, 
temperature and circu- 
lation of air 

4. Lowering the humidity 
of the hall m 

In an oil lamp holes provid- 

ed below the chimney: 

1. Serve to bring in oxy- 

en for burning of oil 

2. Maintain the convec- 
tion currents to keep- is 
lamp burning 2 

3. Provide an outlet for 
the smoke to escape 

4. Increase the brightness 
of the lamp 

The sky appears blue be- 

cause: 

]. There is more blue 
colour in sunlight than 
any other colour 


24. 


25. 


26. 
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2. Short waves are scat- 
tered more than the 
long waves by atmos- 
phere 

3. The eye is more sensi- 
tive to blue / 

4. The atmosphere’ ab- 
sorbs long wavelengths 
more than short wave- 
lengths " 

A direct vision spectroscope 

is constructed on the princi- 

ple of: 

]. Deviation without dis- 
persion 

2. Dispersion without de- 
viation, 

3. Selective absorption O 

4. Diffusion [1 

Lectometer is used to test 

milk by checking: 

]. Density of the milk oO 

2. Specific gravity of the 
milk [1 

3.Ratio of milk and 
water 

4. Gravity of the milk [1 

A jet plane flies in air be- 

cause: 

The thrust of the ' jet 

compensates for the 

force of gravity Oo 

2, The weight of air whose 

volume is equal to the 

volume of the plane is 
more than the weight 
of the plane 

. The flow of air around 

the wings causes an 

upward force of 
gravity 

. The gravity does not 

act on bodies moving 
with high speed a 


Seii 


w 


> 
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27. The phenomenon of nuclear 1. Ratio of voltages in the 
sion is used in the cons- “primary and secondary 
truction of: ‘ may be increased 

1. The hydrogen bomb [] 2. Energy losses due to 

2. The atom bomb eddy currents may be 

3. Àn ordinary bomb [1 minimised 

4. Not in any of the 3. The weight of trans- 
above oO former may be reduced CO 

28. The phenomenon of mirage 4. Rusting of core may 
occurs. on account of: be stopped : 

1. Reflection ‘of light 31. What change occurs in the 
from highly polished heating effect of a crm 
ground : o electric circuit in which ka 

2. Reflection of particles total resistance is cut in he 
from sound particles Oo 1. The heating effect is 

3. Refraction of light in reduced to half : 
air whose refractive 2. The heating effect is 
index increases with doubled 
height o 3. No effect: o 

4. Refraction of light in 4. The heating effect is 
air whose refractive increased four times : 
index. decreases with 32. How. should people wearing 
height 2 T Spectacles .work. with & 

i 2 
29. A hygrometer measures microscope? 
Jj 2 1. They should keep on 

1. The moisture content wearing their spectacles J 
ofa hygroscopic sub- 

ERIS o 2. They should take off 

2.A t Svat their spectacles a 
: Es duet Mater" yas m 3. They may either put 
p . A on their spectacles or 

3. Relative density of they\may take off the 
liquids Oo Spectacles, it makes no 

4. Relative density ofair [] difference 

30. The coré of a transformer is 4. They cannot use the 

laminated so that: microscope at all imi 


Answers . 


1.0, 2; (2), 3.0) 4.(2), s (3. 6.(1), 7.(3, &(4 
9. (3), 10. (2), 11. (2), 12: (2), 13. (3), 14.2), 15. (1); 16. (3), 
17. (4), 18. (3), 19. (2, 20. 4), 21. (3), 22: Q), 23. (2), 24. (2), 
25. (2), 26.(1), 27.(2), 28. (4), 29. (2), 30. (2), 31. (1), 32. (2). 
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Ti PHYSICS TEST NO. 3 [NUMERICALS]* 

Ime—40 mts. Max. Marks—32 

Note: Put a 4/ mark in the box opposite to the correct answer in 


the following questions. 


l: A body weighs 6000,00 ^ 5. A body is thrown vertically 


— 


dynes on the surface of the 
earth. If acceleration due to 


gravity on the surface of 


moon. is one-sixth of the 
acceleration. due to gravity 
on the earth, then what will 
be the weight of the body 
on the moon? 


1. 60,00,000 dynes o 
2. 60,00 dynes oO 
3. 10,00,000 dynes a 


4. 3,60,00,000 dynes o 


. If two forces F and F acting 


at a point give as the resul- 
tant a force of magnitude F. 
Then . the angle between 
these two forces must be: 


1,40? 


2. 120° [mi 
3, 60° mi 
4. 90° oO 


. A. stone tied to the end of a 


20 cm. long string is whirled 
in a horizontal circle. If the 
centripetal acceleration is a 
980 cm/Sec?, its angular 
velocity is: 

1. 7 radians/Sec. 
2. i4 radians/Sec. 
3. 2° radians/Sec. 
4. 20 radians/Sec. 


Noo 


. A body is thrown vertically 


upward with a velocity of 
980 cm/Sec. How long will 
it’ take to, come to the 


ground? 

1. sse! [3 
2. Y Sec: Ei 
3, 3 Sec. ri 
4, 2 Sec. [I 


*Gupta, Sharwan Kumar, ibid., p. 153. 


upward with a velocity of 
980 cm/Sec. How high will 
it rise? 


1. 90cm a 
2. 1960 cm. A 
3. 490 cm. a 
4. 245 cm. IB 


. Two thin lenses of focal 


lengths f, and fg are in con- 
tact. The combination will 
act as a thin lense of focal 
length: 


Bord g 
2. ek o 
a fs if a 
4; ER a 


The potential due to a 


` charge 10 units ata point 


which is at a distance of 5 
cm. from the charge i$ given 


by: 

]. 5 Units [2] 
2. 2 Units m 
3. 50 Units | ti 
4. 1/2 Units | ii 


. The refractive indices of tur- 


pentine and water. with 
respect to air aie 1.5 and 1.3 
respectively. Then the 
refractive index of turpen- 
tine with respect to water 
is: \ 

1. 13/15 

2. 15/13 B 
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9. 
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3. 2.8 QO 


4. 02 k Ee 


T: 


MV d 


- A thin convex lense of focal 


length 10 cm. is placed in 
Contact with a thin {concave 


1. 20cm [5] 
2. 5cm. [E 
3. Zero oO 
4, Infinity 


o 
A perfect gas at 27°C is 
heated at constant pressure 


SO as to double its volume. 
The temperature of the gas 
will be: 

1. 54°C oO 
2. 600°C Oo 
3. 327°C o 
4. 300°C [m] 


If 10 g. of ice at 0°C are 

mixed with 10 £g of water at 

10°C the final temperature t 

is: 

1. Given by 

10x80 + 10 (t—0) 

=10 (10—t) 

2. Given by 10x 82 

=10 (10—0)4- 10(t—0) 

SG g 


. 0°C Laia 


SS 


13. 


14. 


15. 


16. 


17. 


A body of mass 100 [xr i 
Specific heat 0.09 ca s 
per gm. Its thermal capa 
is: | 


1. 9 calories : m 
2. 100/9 calories> D» 
3. 90 calories: B 


4. 9/100 calories 

Five dry cells of EMF 13 
volts: . are connected m 
parallel. The EMF of c 


bination is: a 
1. 7.5 Volts Ba 
2. 0.3 Volt t 
3. 3.0 Volts o 
4. 1.5 Volts 


A bucket contains er 
transparent liquid ar king 
depth is 40 cm. On MON 
from above the. A y 
appears to be raised 3 
cm. The refractive index 


the liquid is:  . d 
1. 5/4 A 
2. 4/5 to Gl 
3. 8/5 

4, 1/5 d 


Two thin lenses, one of focai 
length 20 cm. and anot ) 
of focal length (—40 ee 
are in contact. What is | a 
focal length of the combin 
tion? 


1. —20cm. E 
2. Ocm. o 
3. +20 cm. o 
4. -+40 cm. 


A tensile force of 2x po 
dynes doubles the length o 
a rubber card of cross-sec- 
tional area 2 Sq. cm. the 
Young's Modulus of rubber 
is: 

- 4X 105 dynes/cm? 
1 X 105 dynes/cm2 
2x 105 dynes/cm. 
. 3x10: dynes/cm. 


N 


0 


Aune 
gon 
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18. 


19. 


20. 


21. 


22. 


Two condensers of capacities 
2 uf aud 4 pf are connected 
inseries. The combination 


will have a capacitance 
canal to 

. 3 uf Oo 
2. 6 uf o 
3. 4 uf m 
4. 4/3 pf [m 


A hollow sphere of metal is 
given charge +-Q. Its radius 
is R. Then the potential: 
1. On the surface is Q/R 
and inside.also Q/R 
2. On the surface Q/R 
and inside zero [El 
3. On the surface zero 
and inside also zero- O 
4. On the surface zero 
and inside Q/R.— * 
The pole strength of a bar 
magnet is 50 units. It is cut 
into two pieces such that the 


` length of one piece is 3 times 


the length of the other. 
Compare the pole strength 
of these two pieces: 


ieee oO 
2z oO 
8. 1:3 o 
4. 9:1 o 


A charged parallel plate 
condenser with air between 
the plates has been insulated- 
Now the space between the 
plates is completely filled 
with an insulator of dielec- 
triç constant 5, The capacity 
of the condenser: 
1. will increase 5times O 
2. will not change at all o 
3. will decrease to 1/5 o 
revious value 
4. will increase 25 times O 
Three dry cells of internal 
resistance 1 Ohm each are 


23. 


24. 


25. 
- medium is 


26. 


f ri 137:. 


connected in parallel. This 
combination of- cells will 
have an internal resistance 


-1. 1 Ohm Tel 
2. 1/3 Ohm: o 
3. 3 Ohms Oo 
4. 1 Ohm A o 


The refractive index of a 
medium is 1.8. A bubble lies 
in this medium at an appar- 
ent depth of 10 cm. The real 


depth of the bubble is: 

10 
1. is | o 
2. 18 cm. o 
3, 12 cm. o 
4. 9 cm. [m 


The magnetic field due to a 
short bar magnet at à point 
in Tan A position at dis- 
tance x cm. from the middle 
point of the magnet is 200 
Gauss. Then the: magnetic 
field at a point Tan B posi- 


tion at the same distance 
will be: 

1. 200 Gauss oO 
2. 400 Gauss o 
3. 100 Gauss o 
4. 50 Gauss Li 


The critical angle for a 
is 60°, then the re- 


fractive index of the medium 
will be: 


1 i 
2 

2: 3. o 

3. vi Oo 


4. 43 Oo 
A double convex lens (u— 
1.5) in air has its focal 
length equal to 10 cm. When 
immersed in water (p —$) its 
focal length will be: 
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28. 


29. 
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1. 40/3 cm mi 
- 7.5 cm. El 
3. 40 cm. o 
4. Infinite o 


An electric current exists in 
a long wire. 


cm. from the wire? 


1. 1/20 Gauss o 
2. 0.4 Gauss L1 
3. 0.1 Gauss L1 
4. 0.05 Gauss E 
Three condensers of capaci- 
ties .2uf, -luf and -Suf are 


connected in parallel. The 


total capacity ofthe arrange- 
ment is: 


1 
1. 17 ^f Im 
2. 17 uf o 
3. 0.8 uf oO 
4. 1/.8 uf 


Oo 
An object is placed between 


DES B 
2: 3 o 
9: 

4. 6 a 


30. The frequency of transverse 


31. 


two plane Mirrors set at 
60° to each other. The 
number of images seen will 
be: 
Answers 
1. (3), 2 (25-3. (1), 4 (2) 
9. (2. '10. G), 11. (3), 12. (1), 
16. (4), 17 (2), 18. (4), 19. (1), 
23. (2), 24. (3, 25. (2), 26. (3) 
30. (4). 31. 0), 32. (1). 


Time—40 mts. 
Note: 
following questions, 


1. 


*Gupta, Sharwan Kumar, ibid., p. 155, 


CHEMISTRY TEST NO. I 


Pat a 4/ mark in 


The chemical formula for 
mmonia gas is: 
N 


1. NH2 t 


the box opposite to the cor 


p t LEE 
vibration of a string is is 
per Sec. If the tension 
increased 4 times, its 


quency will be: o 
1. 1600 per Sec. o 
2. 100 per Sec. Ba 
3. 200 per Sec. o 


4. 800 per Sec. 
The sound of Hedy xd 
512/Sec. is higher pe /Scc. 
sound of frequency 2 

by: 


o 
1. One octave Oo 
2. Two octave E 
3. Half an octave o 


4. Three octave 


3 
32. Refractive index of water 4/ 


^ m 
velocity of light in red 
is 3x10? cm./Sec. ater 
velocity- of light in wi 
will be: 


1. 2.25 x 1010 cm/Sec. E 

2. 4x 1010 cm/Sec. 

3. 13/3x 101? cm/Sec. 

4. 5/3 x 1010 cm/Sec. 
G. 6. (2), 7. (2, 8. (2 
13. (D^ 14, (4), - 15. (1), 
20. (2), 21. (1; 22, (2, 
27. (3), 2g. (3, 29. (1), 


[SYMBOr, FORMULAE & 
EQUATIONS}* 


Max. Marks—30 
rect afiswer in the 


2. NH o 
3. NH, L1 
.4. NH, ST 
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5. The common name 


6. 


Ca stands for the chemical 
symbol of: 


1. Carbon : Li 
2. Carbonate [mi 
3. Calcium im 
4. Catalyst E 
- Pb stands for the chemical 
symbol of: 
1. Silicon Li 
2. Lead oO 
3. Phosphorus LI 
4. Bismuth ` Oo 


- The chemical formula for 


Sodium Chloride is: 

1.,Na CIO; 

2. Nas ClOs o 

3.'Na (ClOs)2 L1 

4. Na CIOs o 

for 

CaCo; is: 

1. Lime Water o 

2. Gypsum Oo 

3. Chalk o 

4. Plaster of Paris o 

The chemical name of Ke 

Cre O; is: 

1. Potassium Permanga- 
nate 

2. Potassium Chromate [] 

3. Potassium Chromite C 

4. Potassium Dicromate C 


. If E, A, M and V be respec- 


tively the equivalent weight, 
atomic weight, molecular 
weight and velancy of an 
element, the only true equa- 
tion is: 


1. A-VX E o 
2.M=AxV 
M à 
3.E= Y m 
M 
4.V-— E o 


. K stands. for the chemical 


symbol of: 


10. 


11. 


1. Sodium oO 
2. Potassium oO 
3. Strontium o 
4. Aluminium Oo 
. Hg stands for the chemical 
symbol of: 
1. Hydrogen gas o 
2. Gold o 
3. Silver o 
4. Mercury [m] 


The chemical name of the 
Salt Na HSO, is: 

1. Sodium sulphite [m] 
2. Sodium bisulphite oO 
3. Sodium bisulphate o 
4. Sodium sulphate o 
The Equation in accordance 
with the gas laws is: 


1. P,ViTi=P2VeT2 o 
2 5M = id im 
3. d o 
4M -47 o 


. When Potassium Chlorate is 


heated, oxygen gas is evol- 
ved, the correct balanced 
equation is: 
. 3K CIO: 
=3K CIO+202 o 


= 


`2, 2K ClOs 


=2K Cl+30, a 
3. 5K CIO; 

=5K Cl+6021+30 G 
4. K Cle=K Cl+O2+O O 


. When H Cl is reacted with 


calcium carbonate the cor- 

rect and balanced equation 

representing the chemical 

reaction is: 

1. Ca CO,--H Cl=Ca Cl+ 
H CO; 

2. Ca CO;+-2H Cl= 
Ca Cle+CO,;+H,O O 
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14, 


15. 


16. 


17. 


18. 


19. 


20. 
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3. Ca CO,--2H Cl= 

Ca Cl+H:0-+0, o 
4. 2Ca CO,+4HC]— 

2Ca Clz3-2H,0 4-205 O 
Phosphoric acid is Hs PO,. 
Calcium Phosphate will have 
the formula: 
1. Ca PO, [] 
2. Ca, PO, oO 
3. Ca, (PO,)2 O 
4. Ca (PO,)o 


The chemical formula for 
Potassium Sulphate is: 
1.K SO, 


2. Ke SO, m 
3. K (SO) mi 
4. K (SO;)s o 


The chemical formula for 
Ammonium Dichromate is: 
1. NH, Cr,0, | a] 
2. NH, (Cr207)2 O 
3. (NH;)s CrO; LJ 
4. (NH3)s CrO, AE 


The common name for 


Na, CO, is: _ 

1. Washing Soda Im 
2. Caustic Soda [m 
3. Soda Bicarb O 
4. Common Salt oO 


name is: 

1. Sodium bromate 

2. Sodium bromite 

3. Sodium hypobromite g 
4. Sodium perbromate L] 
The common name for 
KOH is: 

1. Caustic Soda 

2. Caustic Potash 

3. Caustic Lotion 

4. Lime water 

The chemical name of 
H; PO, is: 


OOOO 


21: 


22. 


23. 


24. 


25! 


26. 


"Which of the following is t 


1. Pyrophosphoric Acid DJ 


2. Meta-Phosphoric Acid 

3. Ortho-Phosphoric g 
Acid ‘d a 

4. Phosphorus Aci B 

correct formula for chro 

mium sulphate? 

1. CrSO, 

2. Cr (SO,)2 

3. Cro(SO,)s 

4. Cr(SO1), 


OOOO 


The number of, electrons oF 
the outermost she 

hologens is: o 
1. One [1 
2. Two o 
3. Four oO 
4. Seven i 


The chemical name 
Nag S» O, is: 

1. Sodium Sulphate 

2. Sodium Bisulphate 

3. Sodium Thiosulphate 
4. Sodium Thiosulphite 


KSO, Al,(SO.)s 24H20 
a ) 


wy QuUuuu 


1. Double Salt. 
2. Complex Salt 
3. Simple Salt 
4. Acid Salt r ! 
The formula’ of phosphor 
acid is H3PO,. The formaa 
of the metal forming a phori 
phate of the formula MClz 
will be: 


OO0o0 


1. MPO, E 
2. M,PO, E 
3. M(PO); 

4. M,(PO,)2 o 


When a correctly written 

chemical equation is balan- 

ced: 4 

1. The number of atoms of 
each kind on each side 
should be equal 
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3. Nitrogen Peroxide Oo 


2. All molecules are diato- 
4, Nitrogen Oxide Oo 


mic 
3. All substances are in the 29. The formula of hypochlorus 
same physical state acid is HCIO. The formula 
4. The sum of coefficients on of the hypochlorite of a 
both sides is the same divalent metal M is: 
27. The number of molecules 1. MCIO 
present in one gram mole- 2. M(CIO)z 
cule of a gas is known as: 3. M;CIO? [] 
1. The molecular weight C 4. None of these [m] 
2. The atmonic number . 30. The Sodium Chloride crystal 
3. Vapour density Imi - js made up of: i 
4. Avogadro's number (1 1. NaC! molecules o 
28. The chemical name of NO 2. Na and Cl atoms o 
is: 3. Nat and Cl- ions . O 
1. Nitrous Oxide o 4. Two Na atoms for each 
Clg molecules j o 


2. Nitric Oxide 
' Answers 
1.(3), 23) 3, 4-3), 3.0» 6. (4), 7. 1), 8. (2), 
9. (4), 10. (3), 11. (2), 12. (2), 13. Q) 14. (3), 15. (2); 16. (3). 
17. (1), 18. (1), 19. (2, 20. (3), 21. (3), 22. (4), 23. (4), 24. (1), 
25. (4), 26. (1), 27. (4), 28. (1), 29. Q), 30. (3). 


CHEMISTRY TEST NO. 2 (LAWS, PROPERTIES & 
APPLICATIONS) * 
Max. Marks—30 


Time: 40 mts. 
k in the box opposite to the correct answer in.the 


Note: Put a V mar 


following questions. 
1. Charle'slaw deals with the 3. “One gram molecule of a gas 
relationship between: at N.T.P. occupies 22.4 
B litres" may be derived from: 


1. Pressure and Volume O D 
2. Pressure and Tempera- 1. Dalton's Law 

ture Oo m Avogadro s Law t 
3. Volume and Tempera- 3. Graham's Law 

ture 4. Gas Equation 
4. Mass and Volume [1 4. Dulong age Petit’s law 

2. Avogadro’s hypothesis is helps in determining the: 

helpful in finding the: - 1. Atomic weight a 
1. Vapour density o 2. Equivalent weight o 
2. Atomicity [1 3. Molecular weight ti 
3. Valency o 4. Atomic number o 
4. Electronic configura- — — 5.. NH, gas can be collected by 

tion B the displacement of: 


*Gupta, Sharwan Kumar, ibid., p. 157. 
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l. Mercury j*] 
2. Conc. H5SO, L1 
3. Brine Oo 
4. Water 0 
- When the same electric 


currentis passed through the 
solutions of different electro- 
lytes in series, the amounts 
of elements deposited on the 
electrodes are in the ratio of 
their: 


l; Atomic numbers E 
2. Atomic weights E. 
3. Specific gravities O 
4. Equivalent weights 


- Graham’s Law of diffusion 


is helpful in finding the: 

l. Equivalent weight of the 
gas o 

2. Molecular weight of the 


gas g 
3. Atomic weight g 
4. None of the above o 


Hard water may be softened 
by passıng it through: 
1. Sodium phosphate o 
2. Sodium silicate o 
3. Sodium hexa-meta phos- 

phate L1 
4. Sodium bicarbonate [7j 


- Avogadro's law correlates: 


1. Dalton's Atomic Theory * 
and Gay Lussac's Law [] 
2. Dalton's Atomic Theory 
and law of Multiple pro- 
portions 
3. Dalton's Atomic Theory 
and Law of Constant 
proportions Tel 
4. Gay Lussac's Law and 
Law of constant propor- 
tions ix m 
The favourable conditions 
for the maximum yield of 
ammonia by Haber's process 
are: 


1. High pressure, high tem- 


perature, high concentra- 


tion of the reactants 
2. Low 
pressure, 
tion of the reactants 


temperature, 


3. High pressure, low tem- 
perature, high concentra- 


tion of reactants 


4. High pressure, low -tem- 
* perature, low concentra: 


tion of the reactants 

l1. 
the diffusion of 
volumes of two gases, 
and Mə be their molecul 


low 
low concentra- 


If tı and tə be the times for - 
equa 
M; 


ar 


weights, d, and da be their 
densities, and r, and rą be 
their rates of diffusion, then 


ti/te is equal to: 


l. ri/ra Oo 
2. Vdeldy g 
3.  MjjM; m 
4. Mi/M, oO 
12. Hydrogen may directly com- 
bine with: ] 
1. Magnesium o 
2. Zinc [] 
3. Copper Oo 
4. Calcium o 
13. Chemically, rust of iron is: 
1. Iron oxide [J 


2. A mixture of ferric oxide 


With a little ferric 
hydroxide 
3. Hydrated ferrous 
oxide Oo 
4. Ferroso-ferric oxide [O 


14. A gas which D 


fumes in air is: 
1. CO 


TOduces brown 
n 


üuun 
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15. 


16. 


17. 


18. 


19. 


20 


. l. It loses an electron O 


The conversion of lead oxide, 


PbO to lead nitrate, Pb 

(NO,)2, involves: 

1. Reduction g 

2. Oxidation O 

3. Both oxidation and re- 
duction 


4. Neither oxidation nor 
reduction 


When Fe?* changes to Fe** 


in a reaction: 


2. It gains electron 
3. It gains a proton 
4. It loses a proton 
The weights of two elements 
A and B combining with 
one another are in the pro- 
portions of their: 
1. Atomic Weights Oo 
2. Equivalent Weights O 
3. Equivalent Weights or 


Im 


small multiples of 
them O 
4. Atomic Volumes o 


Which of-the following pro 
perities of elements 1S 
whole number? 

1. Atomic Weight 

2. Atomic Radius 

3. Atomic Volume 

4. Atomic Number 


a 
m 
m] 
o 
Oo 


Which is the best reducing 


Oo 
Oo 
. Li 
4. rF Oo 
To test whether a given clear 
liquid is water, the best 
method wouid be: 
1. Examine it undera 
microscope 
2. Smell it fej 
3. Add anhydrous copper 
sulphate and look for a 
colour change 


21. 


22. 


23. 


24. 


25. 
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4. Heat it and find if it 
evaporates completely 
without leaving a resi- 
due 

Hydrogen may be liberated 

from ammonia by passing it 

over heated: 


l. Silver o 
2. Sodium [1 
3. Copper L1 
4. Carbon [1 


When .nitric acid reacts 
with metals, nitrogen dio- 
xide is usually evolved if the 
acid is: 

1. Dilute Oo 
2. Very dilute 

3. Moderately strong O 
4. Concentrated oO 
Crude sulphur is purified 


by: 

1. Distillation o 

2. Sublimation o 

3. Liquefaction followed ` 
by distillation 

4. Electrolysis oO 


Bone charcoal is used for 
decolourising sugar because 
it: 


1. Oxidises colouring 

i matter 

2. Absorbs. colouring 
matter 

3. Reduces colouring 
matter o 

4. Decolouring matter [ 


Inthe Haber’s process for 
the manufacture of' ammo- 
nia: 
1. Finely divided iron is 
used as catalyst o 
2. Finely divided molybde- 
num is used as catalyst [] 
3. Finely divided nickel is 
used as catalyst Oo 
No catalyst is necessary] 


rad 
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26. Ammonia may be dried by 
passing it through: 
1. - Conc. H,SO, 


2. The solution E 
with. metals to libera g 


2. Slaked lime Oo 3° Thesoittien possesses 
3. Anhydrous CaCh | D excellent solvent pro g 
4. Quicklime avi EJ 


E perties ai 
27. When zinc pieces are added 4. The solution does n 
dified "solution of 


conduct electricity 
Posmi permanganate ioxide is 
the solution becomes colour. 29. When sulphur dioxide, 


b e 
less. This is due to the: passed through bromin 
1- Bleaching of the solu- water: 
5 stion by hydrogen 1. It ys omescolonrius p 
! -2.: Reduction of potassium 2. No change is obse 
permanganate, by nacent 3. It becomes red dre 
ydrogen o 4. Bromine vapours a 
€composition of pot. evolved be 
permanganate by zinc EIS “30! Carbon: monoxide may ide 
Catalytic action of freed from carbon diora 
zne (m by passing the gas through:. 
28. -Which one of the followin ns 1 cuprous 
Statements is true for both it: Ammonica B 
strongly acidic anq Strongly chloride o 
basic solutions: 2. Water ; 
1. The solution is a good 3. Solution of caustic 
conductor of electri- Potash quit 
city s Im 4. Conc. sulphutic acid 


Answers 
l. (3), 2. (2, 3, (3,4. (D, 5, 1), 6, (2), 8. (3) 
7. Gy de G} H1 Ge 12. (3) 13, e 14. Oris, (9) 16. (1), 
25 Cay 18: (4), 19. (4), 20. (3) 21 (2), 22. (4), 23; (3), 24, (2), 
25. (1), 26. (4), 27. (2) 2g. (D, 29. (iy: 36. Gy 
- CHEMISTRY TEST NO: 3 (NUMERICALS}* 
Time—40 mts. i 


i Max. Marks—34 
Note; Put a y mark in the box Opposite to the GM 
following questions. 


:1.. A compound of empirical 


1 Li 
formula C,H;O has a mole- 2. €iHi,o, ri 
cular weight of 90. Its mole- 3. C;H,0, o 
cular formula is: 4 CiH;0, o 


*Gupta, Sharwan Kumar, ibid., p. 159, 
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.. Tic acid is: 
1.98 ^" Ely 
2. 196 m 
3... 49 Oo 
4. 147 Oo 


2 


The molecular weight of a 
gas is 44.8 gms. 
volume will 2 gms. of the 
gas occupy at 0°C and 1 
atmosphere pressure? 


1. 0.5 litre O 
2. 1 litre 

3. 2 litres [el 
4. 11.2 litres o 


. An‘organic compound is 


found to contain C— 54.575, 


O—36.49, and H=9.1% 
by weight. Its | empirical 
formula is: 

1. CHO, o 
2. CHO m 
3. C,HiO O 
4. C,H,O oO 


. The molecular weight of 


sulphuric acid is 98 and its 
basicity is 2. Then the equi- 
valent weight of the sulphu- 


. At N.T.P., 5.6 litres of a 


gas weighs 60 g. The vapour 
density of the gas is: 
1. 60 2 


2, 2014 As comer l 
3, 307 rare m 
4. 2.0 o 


. The «chemical composition 


of a compound is C=40%, 
H=6.6% and O 53.45. Its 


` empirical formula is: 


1. CHO 

2. CH,O o 
3. CHO, o 
4. G H, O; o 


90 parts by weight of anhy- 
drous oxalic acid combines 
with 16 parts by weigbt of 
oxygen according to equa- 
tion. ^ 


What , 
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COOH 
| +0 >2CO.+H,O 
OOH 


The equivalent weight of 
anhydrous oxalic acid is: 

1. 90 3 

2. 45 C 
3. 180 o 
4. 30 ! m 


. One litre of a gas collected 


at S.T.P. will occupy at 2 


atmosphere pressure at 
27164. 

Ix HE 
2. 1x42 

3. IX 1X [] 
42 1x2» 358 litres o 


. Two litres of a gas are:main- 


tained at 25°C and 2 atmos- 


pheric pressure. If the 
pressure is doubled and 
absolute. temperature‘ is 


halved gas will now occupy: 
1. 2.0 litres Oo 


2. 4.0 litres o 
^g. 0.5 litre “ o 
4. 1.0 litre [s] 


The volume of oxygen at 
N.T.P. required for the 
complete combustion of 2 
litres of carbon monoxide 
at. N. T.P eis: 


1.4 litre E 
2. 1 litre 3 Oo 
3. 2 litres Oo 
4. 4 litres : o 
One litre of nitrogen at 
N.T.P. will weigh: 

1. 1,25 g. a 
2. 12.5 g. o 
3. 11.2 g. o 
4. 0.625 g. end o 


. The density of the gas A is 


twice that of gas B. If the 
molecular weight of gas A 
is M, the molecular weight. 
of gas B is: 


146 


15, 


16. 


17. 


- Using Dulong and Petit's 
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l. M O 
2. 2M J 
3. M/2 t1 
4. AM 


O 
- The weight of 4.0 litres of 


a gas at N.T.P. is €qual to 
2 gms. The molecular weight 
of the gas is: 


1:224 D» 
2 aro oO 
3. 44.8 oO 
4. 5.6 o 


law, the valency of a metal 


of equivalent wèight 50 and 
specific that 0.32 is: 

1 27 o 
2.3 [m] 
3. 4 o 
45 5 


1. 73 ; 
2. 53 ; = 
3. 106 Im] 
4. 146 


The relative rate of diffusion 
Of a gas as Compared to that 
Of carbon dioxide is 266: 
213. The molecular weight 


of the pas is: 


1. 14 o 
2. 42 (m) 
3. 28 o 
4. 7 m| 


What volume of a gas with 
density 16 will diffuse in the 
Same time as 200 c.c. of hy- 
drogen with density one 
diffuses through the same 
aperture? 

1. 800 c.c., 
2. 500 c.c, 

t 


oO 


B, 


z 


18. 


20. 


21. 


22 


Ü 
8. -SOc a 


4. 100 c.c. i 
The molecular wt. of gau 
22.4. What will p dis 
volume of 2 grams O' Here 
gas at 0°C and 1 atmosP 


pressure: ü 
l. 1 litre g 
2. 2 litres B 
3. 11.2 litres ø 
4. 0.5 litre w ems 
- On vaporisation, ied II. 
of a substance occup! veight 
litres. Its molecular YV 
is: - a 
L W g 
2. 2 W g 
3. 11.2 NW a 
4. W/I1. ric 
The weight of hydrochlc 
acid (H CI) require iof 
complete decomposi ai 
50 grams of calcium € 
nate (Ca COs) is a 
l. 68.5 gms. o 
2. 36.5 gms. oO 
3. 26.0 gms. o 
4. 46.5 gms. 


é ith 
What volume of a gas, Whe 
density 16 will diffuse in 


' same time as 200 c.c. of BY” 


drogen with density 1 a 
ses through the same ap 
ture? 


1. 100 c.c 5 

2. 500 c.c. a 
50 c.c. 

4. 400 c.c J 7 

Certain volume ofa gas x 


of density 16 diffuses out in 
seconds. Under similar 
Conditions how long will it 
take an equal volume of gas 
Y of density 25 to diffuse? 
1. 25 Secs ð 
2. 64 Secs o 


] 
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23. 


24. 


25. 


3. 80 Secs Oo 
4. 40 Secs m| 
316 parts by weight of an 
oxidizing agent (KMn O4) 
gives out 80 parts of oxy- 
gen. Tho equivalent weight 


of KMnO, is: 

1. 31.6 mi 
2. 35.5 [mi 
3. 158 Oo 
4. 36.5 Oo 


25 c.c. of N/5 solution of 
H/CI exactly neutralized’ 20 
c.c. of a solution of a base 
containing 4.8 gms. per 
litre of the base. Find the 
equivalent weight of the 


base: 

1. 38.4 Iz] 
2. 192 o 
3. 9.6 o 
4, 24.0 m 


1 litre of 18 molar sulphuric 
acid has been diluted to 100 
litres. The normality of the 


. resulting solution is: 


26. 


1. 09N 

2. 3.18 N o 
3. 1800 N o 
4. 1.8 N Oo 


48 cc. of N/7 Na OH 
solution neutralized 24 c.c. 

ofH,SO, solution. The 
strength of the acid solution 


is: 

1. 14 gms. per litre O 
2. 28 gms. per litre O 
3. 49 gras. per litre Li 
4. 98 gins. per litre Oo 


carbonate. The equivalent 
weight of caicium carbonate 
is: 

1. 47 m 
2. 100 


28. 


29. 


30. 


31. 


32, 
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2. 50 mi 
4. 98 [m 
The normality of the solu- 
tion containing 2.4 grams of 
sulphuric acid in 250 c.c. is: 
1. 0.156 


2. 0.250 add 
3. 0.196 JA 
4. 0.240 o 


10-g. of hydrofluoric acid 
gas occupies 5.60 litres of 
volume at N.T.P. The em- 
pirical formula of the gas is 
HE. The molecular formula 
in the gaseous state will be: 


1, HF o 
2. H2Fz O 
3. H3Fs g 
4. HiFi [ul 


The oxide of an element 
contains 33.33% of the ele- 
ment. The equivalent weight 
of the element is: 


1.16 n 
2. 8 o 
3. 32 o 
4.4 o 


The chloride of a divalent 
element contains 35.5 per 
cent chlorine. Find out the 
atomic: weight of the ele- 


ment: 


1. 129.0 A g 
2. 119.0 o 
3. 71.0 g 
4. 139.0 o 


Zinc and sulphuric acid 
react together to form hy- 
drogen. Lhe weight of sul- 
phuric acid required to 
reduce completely 79.5 gms. 
of copper oxide to copper? 
1. 98 gms. 

2. 49 gms. 

3. 79.5gms. 
4. 159.0 gms. 


Oooo 
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33. 2.70 grams of metal are 
treated with excess of sul- 
-phuric acid. The volume of 
hydrogen collected at N.T.P. 
=1000 c.c. The 


equivalent 
weight of the metal is: 
1. 27.0 m 
2. 27.24 j 
3. 32.00 a 
4 30.24 m 
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34. The equivalent weight of 
oxide of element is 4. nos 
same forms chloride 39.25. 
vapour density is Ate 
Then the valency of the 


ment is: g 

1.42. G 

2: 3 a 
i : 

8. (1); 

3. (2), 6. (2), 7.(2) € (3). 

. (3), 15. (2), 16- 
she 33. (9) 23. (1), 24 e» 


12 


CONCEPT F ORMATION IN TEACHING 
PHYSICAL SCIENCES: 


Words, symbols, and their interrelationships and meanings are con- 
ill attach the same meaning for 


septs. The degree to which people wi 1 
idual's experience will influence 


any given concept will vary. The indiv: 
the kind of meaning assigned to a given wor 
In explaining concepts, Thorndike writes: 
Meanings are in persons’ minds, not in words, and when we say that 
a word has or possesses such and such meanings, we are really saying 
that it has evoked, or caused, these meanings. Until it gets into a mind, © 
a word is only puffs of air or streaks of ink. What a word, sentence’ 
or other expression means toa hearer or reader is mainly what it 
makes him think or feel to do asa fairly direct consequence of hearing 
or seeing it, and, more narrowly, what it makes him think or think of, 
as the direct and almost immediate consequence of hearing Or seeing 


itoat 

.In teaching science new and technical words are 

introduced which have Tt is well to utilize pupil 

experiences in the out of schoolas.a basis—for assigning meaning or 
i order that new concepts may be formulated. 

d applications of science concepts constitute 


important ways of helping 
of the most common error 
be able to determine any concept already possessed by the learner. In 


her doctoral dissertation, Nelson states t [ 
the children with evident pride in 


scientific principles were stated by ] 
instruction in the two areas of Light and 


their knowledge before any i 

Sound had been begun.’ 
Nelson reported on à number of fact 

ing science concepts. Children are willing to c 

L., The Psychology of semantics, American Foura of 


d or other type of symbol. 


ors that are significant in teach- 
hange their ideas after 


1. Thorndike, Edward, 
Psychology, 59:613, Oct. 1946. 
2. Nelson, Pearl, A., Concepts 


light- and sound in the intermediate gr: d 
Science Education, 44:143, Margh 1960. + : Í ee 


gates to verbalize. 


Li " 
: ion and shows how 
at "eph of science information atmosphere of 
p s Won. Evaluation, ponpended Ji; kion are all related to pro 
acceptance during discussion, and verba RR NES 
lem solving activities and science concep E NE E, 
“Concepts are not always arrived at directly. ortant for teachers 
thought is involved in their development. It is aa dunk about their 
to realize and to appreciate how much children à pies akatisi 
experiences and work to integrate them into satis ac y ths original 
ings. Sometimes long periods of time elapse roges ston of ilie 
experiences, the development of concepts, and the applic 
concepts, ”3 : 
Concepts change for each ind 
and understanding. It should n 
Same level 


r ena in ect 
: E ‘ronment and his prejudices will af 
concept formation, 


j i sfer 
Concept formation should be evaluated by pupil's ability to Porn i 
apply knowledge and experience in new problems. It is fo i 


1 r j hing 
a n solving skills are excellent means for teac 
science Concepts, attitudes, ang Solutions to Problems. Blackwoo 
writes, Ina Very real sense the prod 

of clarified co, 


ientne ea n BOY 
al uct of scientific inquiry is a 
nDcepts.?*a 

Direct experiences are essential in conce. 
Ower grades are more i 


individual ex 
his was d 


i S. Pupil observation during 
On played vita] Tole in 
Observed When children 


formulation concepts- 
during the Play with th 
have direct experiences, 


ilable that show the relationship 
nce concepts and 


PER intelligence, TRDE 
] earne: i t is 
* A child who hat p fine. believes that there 


er of books, especially 


e 
e magnets and can b 


abilitv, socio- 


3. Garone, Jonn 


children's scient 
1960. ' 


E., Acquirin 


8 Knowlege and at 
ific concept 


taining Understanding of 
development, Science 
4. Blackwood, Paul, E., A Welcome and a 


Education, 44:106, March 
challenge. A welcom 
lenge, Science Education, 45:25, Feb. 1961. 
5. Kearney, Ruth, A., Science Concepts of si 
Johnson, Philip, 


xth Grades. Abstract; In 
G., Science Edu. Research Studies—953, fe 
cation, 38:8, Feb. 1954, 


cience Edu- 


e and a chal- 


CONCEPT FORMATION IN TEACHING PHYSICAL SCIENCES Y 

Science reading materials, in the home as well as in the school, will 

Probably understand science concepts more readily. The socio-econo- 

fae Status may bea factor in determining whether the parents have the 

ae means and interest to buy such books for the children at 

aaa e. Reading ability will also have a profound effect on intelligence 
id the ultimate ability to understand and modify science concepts. 


EXAMPLEs: 
I. What are Molecules? 


Concepts 
All matter is composed of tiny particles called molecules. 
Molecules are too small to be seen with the naked eye. 
Sometimes matter is made up of only one kind of molecule and 
scientists call this matter an element. ; 
4. Sometimes matter is made up of more tha 
and scientists call this matter compounds. 
5. Molecules are always in motion. 
Materials 
Piece of coal or charcoal paper towel, 
Ether, alcohol, or perfume 
Hammer 
Shallow dish 


Discussion 
l. Have you ever heard of molecules? 
2. What do you know about molecules? 
Pupil Discovery Activity 


n one kind of molecule 


Processes 


Part—I 
1. Obtain a piece of coal or charcoal (mostly Carbon), a. hammer, 

and a paper towel. Place the coal or charcoal on the paper towel 
and pound it with the hammer until you see fine coal dust. 

Observing: How does the pounding change the coal? 

Hypothesizing: Do you think you have made a new substance? 

Why do you think as you do? 

What would you have to do to change the coal 

to a new meterial? 


Hypothesizing: 
If you keep pounding the dust into smaller and 


: Hypothesizing: F 1 
smaller pieces, what will you ultimately end up 


with? 
6. Carin, Arthur, A., Sund Robert B., Teaching Science through Discovery, 
Charles E. Metrill Publishing Co., Columbus, Ohio. s; 
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tiny 
! osed of 

. Teacher's Note: Explain that all elements are compas ; 
Invisible particies. These tiny particles are called mo 


lis 
m the coa! 
Do not Convey to the children the idea that the dust fro 

a single molecule. Mo] 


sd eye 
naked eyi 
O'ecules are too small to be seen by the 
and must be Seen thr 


: aggreet 
ough a microscope. The dust particles are 
tion or collections of molecules, 
Part—II 


ja dish at tH 
. l mr 
l. Teacher will Pour a liquid (Ether or alcohol) into a i 
front of the Classroom, 


Raise your hand wh 


en you first notice an odour. 
Observing: 


are 
: d : hands 
From the Sequence or order in which hant tbe 


ion in whic 
you find the direction in W. 
small travelled? 
Why this happened? 


w do they 
at are water molecules and ho 
affect each Other? 


Inferring: 


Concepts 
iy 


r 


2 
3. A force is defined’ 
4. 


5. Each molecule of the s 


ubstance pulls Other atoms to it kind i$ 
6. The force of attraction between molecules of the same 
called cohesive force, 
II. What causes the molecules of a liquid to move? ^ 
Concepts at- 
l. The molecules in liquid are p. nstantly moving in à random Pi 
tern or Brownian movement, oh : 
2. This motion is caused by heat, 


the 
ay be pointed out thee 
© particles and 
tion, 
Designing an Investigation 
3. Can you think of some Simple experiment to test Ue dea that 
molecules jn liquids €vaporate or 80 into t © air at differen 
Tates? ; 
Teacher’s Note: If the children cannot come up With an-exseriment 
then suggest they smear ether, alcohol, Water, and pen the 
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cha ae 
Ikboard. Solicit hypotheses as to which liquids will disappear OF 


ev ; 
TG at which rates and possibly why. 
- Test your experiment. 
Applying 
5 
. How can you speed up or slow down the liquid mole 
o appearing or evaporating? 
Ns ded Questions 
. Why do you think clothes dr 


j days? 
à dcn would you smell first if a small dish were pleased in 

ront of your classroom and you Were in the back of the room: 
Vinegar, ether, alcohol, or perfume? Why do you think as you 


do? 


cules’ dis- 


y faster on sunny days? Windy 


NI. What are Atoms? 
Concepts 


1. Changing the size O 
characteristics. 


f an object does not change its physical 


d of atoms. 


2. All elements are compose 

3. Anatom is very small. 

4. Atoms are grouped in various ways to make molecules. 

5. An atom is made up of electrons, protons and neutrons. 

6. Negatively charged bodies have more electrons than protons. 

7. Electrons are negatively charged particles. l 

8. Protons are positively charged particles. 

9. Neutrons have neither a positive noz a negative charge- 
Materials ; 

4. Styrofoam ball about the size 


1. Wooden blocks [ 
of a Ping-Pong ball 
Six rubber jack balls or styro- 


foam balls that size 
6. Wire cutters 


2. Two wire clothes hangers S 


3. Picture of Solar systems 


Discussion 


What do you 
What do you th 


know about atoms? 
ink an element is? 


What do you think an electron is? 
What do you think protons and neutrons are? 
How big do you think an atom is? 

know about molecules? 


What do you 
Teacher's Note: Atoms are very small. The thickne 
i : SS 
t least 500,000 atoms. An atom pir ot 


hair probably contains à 


` 
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a Protons 
fundamenta] Particles called. electrons. protons, and oye. whi 
and neutrons are found in the centre (or nucleus) of " electrons are 
electrons Tevolve around the nucleus, The revolving The neutron 
grouped together in shells or orbits around the uele. guessed from 
the same mass as the proton and, as could The nuclev 
>, is electrically neutral and carries no charge. portant p? 
Contains most of the weight or matter and is the most gle part o B 
erefore, the nucleus is also the heavi of electron 
tom is neutral, it has an equal. number is negativel 
and protons. jf there are more electrons, the atom of electrons 
Charged, Al] atoms have a tendency to balance the md and in th 
ing electrons or giving off extra one 
I 


Processes Pupil Discovery Activity rasticine 
l. Obtain a Wire clothes hanger, a block of wood, some p 
Or Styrofo, 


am balls, and Six rubber jack balls. 
Assemble the materials. 
Inferring 


9 

2. In what Ways is your model different from a real atom? motion 
inr 

Teacher's Note: All the particles in the atom would pain as thos? 

The orbits the electrons follow would not be so defini 

formed by the wire in the student model. 

H: Vpothesizing 


e 
5 can b 
Comparing: What do you notice about the Solar system that 

said about an atom? 


m? How 
YS is the Solar System different from an atom? 
IS It similar? 


13 


CREATIVITY IN PHYSICAL SCIENCES 


Definition of Creativity 
ean psychologists and. scientists have endeavoured to define, 
quatacterize, and develop creativity, all with various degrees of suc- 
ss. A leader in this endeavour has been Dr Paul Torrance. He says: 
I have chosen to define creative thinking as the process of sensing 
forming ideas or hypotheses, and 


gaps or disturbing missing elements; 
ommunicating the results, possibly modifying and restating . the 


hypotheses,” 


Creativity is generally th 
should be restricted to the pro 
before known to man. Others hay 
ing all productive endeavours u 
View is the more useful for teachers trying 
and helping individuals to self-actualise.* 


wo ways. Some believe it 
duction of a new entity or idea never 
c a more inclusive definition includ- 
nique to the individual. This latter 
to develop creative ability 


ought of in t 


Creative Abilities 


Psychological research has revee 
Separated into the following categories: 


evealed that creative abilities may be 


many similar ideas fora 


1. Fluency Propose 
problem. 

2. Flexibility Produces many different classes of 
ideas for a problem. 

3. Originality Gives uniquely different response 
from other people. 

4. Elaboration States many details related to the 
creative response indicating how it 


1, Paul Torrance, Guiding Creative Talent, Englewood Cliffs, N.J., Prentice- 
Hall, 1962. 
s who are active, dedicated to something they 


* Self-uctualization. Individual: e activ à 
i Ived in their commitments. They have the 


believe in and very, much invo i m 
will to do and are using to the best of their ability their maximum human 


potential. 
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im ple 
may be constructed and imP 


mented. in 10s 
fe. T in 
5: Sensitivity Generates many problems 
ponse to a situation. 
Characteristics of Creative Individuals nd pe 
Creative individuals vaty in motivational, intellectual, ae easily 
Sonality traits, Individuals with creative potential can be m 
recognized by the following characteristics. ich 8 
1. Curiosity, This 


f whi 
is probably is one of the easiest sigas by 
teacher can discover Creative individuals. 
Resourcefulness. 


Desire to discover, 
Preference for difficult tasks. 
Enjoyment i 
Drive anq d 


nts 


d 
arke 
© the above the Creatively talented have am They 
and sustained ^ d Syathesize informa: aiiai 
indivi isthe tained cone ion and are. 
individualistic. Given freag ation an 


sensitive and 
Creative stude. 
and interests. 


The Stimulating, Creati 1 
Jack R. Gibbs? ; T indus” 
i 4 Ous t usiness, In^ io 

tries, and governmen las found (ab es E within th 

organization can be enhanced by į : re y 


Fi Dy 
SSE inereasi icatio! 
self-determination, and decreasing contro] ast eer commune done 
adapting Gibb's ideas for teaching is po satin this mig 


ined below. 


ils Develop high trust and 


Indicate th. 4 nts to 
reduce fear. e Productive you trust stude 


> don't censor ideas 
E free 8. E Sapproyal, " 
2. Encourage a free ow ncourage cie a 

of communication. students. Strive 1° erg dea 
2. Jack R. Gibbs, "Managing for Cre. 


ativity in t 
Sor Creativity, ed. Calvin Taylor, 


he 9rganizat; i ees 
i atiga» Clima: 
Elmsford IN Y. Pergamon pris, 1972. 
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that creativeness is an excellent way 
of behaving for all the members of 
your class. Be open and accept sug- 
gestions of students. 


B: Allow self-determina- Consult students on what they are 
tion of goals and interested in and what it is they 
self-assessment. would like to do. You may present 


ideas but students are encouraged to 
accept or reject these and determine 
their own if they choose. 

Don’t grade creative work. En- 
courage students to evaluate their 
work, e.g., how they may alter it in 
the future if they choose, etc. Don't 
make statements as to what is good 
or bad. Ask what other ideas arose 
from producing something creative. 
Ask how the works of the class 
differ. Encourage students to assess 
their work but not from the point of 
view it was they were trying to do, 
how they did it and what, if any 
thing, they might wish to change. 


Do not require conformity for your 
own and student behaviour, e.g, 
“Let’s all make a pot". Encourage 
students to experiment with work 
and various learning procedures. 
Encourage and accept conflict and 
-disagreement with your ideas., Give 
high priority to diversity and creati- 
vity over conformity. 
Gibbs had found that creative managers and/or teachers are indivi- 
le are self-motivated and responsible on 


duals who believe that peop f 
their own, like to be creative if restraints are removed, work best 
When they set their goals, and manifest fantastic potential when allow- 


ed to do so. 
Methods for Developing Creative Talent : 

. To teach for creatively you will have to be creative in the methods 
and assignments you devise. Unfortunately, if you are a typical stu- 
dent or teacher you probably have not had many creative teachers 
after whom to model yourself. If you do encounter one, analyse what 
he does and endeavour to develop similar capabilities. 2 

Other than providing the proper environment as suggested by Gibbs 
there are certain specific teaching techniques which the teachers may 


use to stimulate creative teaching. 


4. Control is not tight 


00 
RY SCH! 
SECONDA 
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l. Creative Questioning creative d 
Creative Questioning is basic to becoming a Eee asking que 
Most of the following activities hinge on the teache ^ iis 
requiring creative Tesponses. . £iypes of activit 
As has been pointed out earlier, there are different ty f 
that have been defined as Creative behaviours. 


es 9 
wing tYP 
The questions asked should be based on the follo 
creative abilities: 


ne 
n for oP 
EI similar ideas 
; uency It poses many E. of 
roblem. J classes 9 
tt enerates many different Se of th 
ideas for a problem ou b. 
usual category. statistically 2 
It gives unique or E ana P 
common responses [om A E 
posed by other indivi c opel 
It gives many details tha 
an idea. 


situ 
It senses problems from a 


24 Flexibility 
3 Originality 


4. Elaboration 


op. 
atio 
S: Sensitivity 
2. Creative Mental Processes bility by 
c a ae 
A cher can develop creative aues ei Sro c 
givin mental exercise to his Students by the fo 
tive mental Processes 


Science tea, 
E creative 


l- Originates Problems. 
Formulate hypotheses. 


2; 
3. Design an investigation 9r experiment. 
4. Infer. 

BY, 


i and te! 
Xperiment, research, scientific problem 
and improve it. 


9o 
g 
is} 
< 
or 
o 
iz] 
5 
oO 
= 
LJ 
ksl 
is] 
9 
kj 
E 
2 


Produce Original art 
Science. 


9. Communicate uniquely, e.g. 


T 4 d to 
; literature, musica] forms, etc., relate? ~~ 


>in Teporting or summarizing. ` 
3. Creative Listening : i 1 
Students Senerally are taught in Schools, to listen mainly for the 
purpose of memorizing or recalling information. "They should, how: 
ever, also be encouraged to listen creatively. This eans using listening 
T ,ie., listening. toa film, radio, talk, record- 
ed talks, music and then becoming involved in 


Paap l Dv6ying its meaning : 
in different ways or using it to leap in thought to new ideas, x 


t p 
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1159. 


4. Creating Something. New Teaching Technique: 


(1) 


(2) 


(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


5. Encourage your students to prepare o 


identified: Teacher and/or students decide 


Topic for study is 
hey wish to study, light, heat, mechanics, 


on some topic t 
air pressure, etc. 

Determination of Backgroxnd of Students: Phase: Students 
are asked to tell what they know about a topic or describe 
a situation as they see it. These may be related to objects, 


concepts, personal and social problems. 

Defining a Problem or Task. 

Direct Analogy Phase. 

Personal Analogy Phase. 

Compressea Conflict Phase. 

Relating Analogies Phase. 

Individual students Creative Phase. 

r become involved in any 


of the following:* 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


(8) 
(9) 
(10) 


(11) 
(12) 


3. Carin Arthur, 


Constructing various types of learning puzzles and games 


in science. 
Role-playing—as à scientist. 
Suggesting how to improve some piece of equipment. 


Using a commercially prepared film, filmstrip, or film loop 


in some innovative Way. 
Making a filmstrip, film loop or a series of Polaroid or 
other types of photographs of scientific interest. 
Making a cassette recording conveying information related 
to class activities. 
Making a scientific coat of arms, 
tion. 
Constructing a light symphony: Use various transparent 
colour wheel made of cellophane and flash light through 
them to obtain the impression of changing light. 

d near the bed when just before sleeping 


Recording on a pa r the 
or awakening, a creative idea that comes into the mind. 
Act upon these ideas when completely awake later. 


Compiling a list of problems or things that would be fun 


to investigate. 
Publishing à creative science bulletin. 


Drawing cartoons or a comic series related to what is being 


studied. 


flag, model, or representa- 


A., Sund Robert, B., Teaching Science through Discovery, 
a 


3rd ed. Charles E. Merrill Publishing Co. 
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r to- 
(13) Making a booklet containing drawings, diagrams, pho 
graphs, etc., arranged in a creative manner. f some- 
(14) Constructing a diagram or taking a photograph ividuals to 
thing in which there may be possibilities for indivi 
Perceive severa] different objects. r new 
(15) Reading creatively. Use children as a springboard S. a 
ideas. After reading something have them come up 
new idea, concept, or invention related to it. 


Discovery- Inquiry procedure. to 
Any of the inquiry approaches, as they encourage student 

hypothesize, Speculate, resolve Problems, have creative compe 

Inquiry-oriented and student-centred activities, when enlisting odes 

to originate a Problems, ypothesize, design techniques of inves 

ing, make discoveries, sp 


con- 
£ : cculate, invent, form metaphors, etc; “ian 
tribute considerably to the development of this most viable hum 


5 to stimulate creativity 


talent. - 


4 : ‘ inue 
Creative science teaching requires that teachers themselves contin. 
to devise and become Proficient in establishing a creative class enviro 
ment. By so doing, they grow in b i 


joning: 
individuals coming more fully function 


Part II 


CONTENT-ENRICHMENT PROGRAMME 
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THEORY OF RELATIVITY 


Physicists had discovered that light (as in the case of sound) travels 
must also have a supporting 


„in waves and reasoned that light waves 

eam It is also a fact-that light waves can pass through vacuum. So 
is medium, which is present even in vacuum is called ‘Ether’. A. 

aye of scientists tried to detect the presence of the ether but in 


, Another problem that p 
city of light was constant, 
of light and the person makin 


great speed. 


uzzled physicists was the fact that the velo- 
186,000 miles per second even if the source 


g the measurement Were moving with 


Relative Motion 
the object which is on the left of one may be on the right of other. 
i d and sees two cars go 
direction but travelling at diffe hecan correctly 
at 40 m.p.h. and 60 m.p. eto the stationary observer. But if 
a passenger int 
ud that the other car is travè 

the slower car is apparently 

moving backwards with a relat 
f the obse 


moving, say in à SD*: 
taken by a beam of light, he can be expected to measure the speed of 
light relative to himself. as. only 100,000 miles per second. 

xistence of ‘Ether’ and ‘velocity of light’ 


Thése two problems—the e 
is dependent 0B the ‘velocity of the observer’ were solved, in 1905, by 


The concept of relative velocity is very important for understanding - 
theory of relativity. Left and right are not absolute but relation, 16. ` 
Ordinarily a stationary Observer measures the velocities. If he is 
standing by the side of a roa oing fast in the same 

rent speeds. By timing y 
say that one car is travelling at say, 40 m.p.h. and other is travelling 
at 60 m.p.h. Scientifically speaking, it can be said that two cars move 
he slower car finds the faster car and measures its velo- 
city, he will fi i lling at 20 m. p.h. relative to 
him. And to a passenger int 
tive velocity of 20 m.p.h. 
With this idea of relative velocity 
ht that the value obtained of the speed of light should 
depend upon the velocity ot f 
light measured by him will be 186,000 miles per second and if he is 
i aceship at 80,000 miles per séċond andhe is over- 
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Albert Einstein. He propounded his famous “Special Theory of 
Relativity”. This theory is based on two assumptions called Axioms: 


(i) The ether cannot be detected and the velocity of light is the 
same for all the observers; 


Gi) That all motion is relative so that no observer is absolutely at 
Test. 


The first axiom, that the velocity of light is constant, the same in all 
directions and for all observers and independent of the motion of the 
source of light or the motion of the receiver. The velocity of light is a 
fundamental unit, basic to several principles, including the equivalence 
of mass and energy as expressed in the familiar equation E=mc’, 
where c, represents the velocity of light in free space. 

„Second, Einstein banished the concept of an absolute motion. 
Whether stated in one frame of reference or in any other. moving with: 
uniform motion relative to the first, the laws of physics are the same. 
Motions had to be referred to some definite object or framework, such 
as the earth to the sun, or some other body in the universe. Motion is 
a relative, not an absolute, phenomenon to every observer. 

Einstein said that there was no reason for the existence of an. ether, 
hence no need for an ether to carry light. 


The first axiom is confirmed from the study of stars. Certain stars, 
Which appear as single points oflight through naked eye, are seen 
through a telescope to be double. They consist of a pair of stars, held 
relatively close together by their attractive forces of gravity and orbit- 
ing round their common centre of gravity rather like a pair of skaters 
holding hands and circling a Spot between them on the ice. At any 
instant, one star is moving towards earth and the other is moving away. 
After some time the first star recedes and, the other advances. But the 
time taken by light to reach earth from each star is the same, irrespective 
of the direction of motion of the star. So the velocity of light from each 
Star is the same, i.e., 186,000 miles per second. This fact confirms that 


the velocity of light is completely independent of the speed of the light 
source. 


It was again confirmed in 1887, by two American physicists, Albert 
A. Michelson and Edward Morley, who attempted to detect the 
presence of ether by measuring the velocity of light in two directions. 
Report of Michelson and Morley (Greatest of all Negative results) on 
the relative motion of the earth and the luminiferous ether. 


The Michelson-Morley Experiment 


An attempt to méasure the velocity of the earth through Ether, by 

n ing the effect which such a velocity would have upon the velo- 
city of light. No such motion of earth in relation to the ether was 
detected: a result of the greatest importance for the theory of relativity- 


The ether wind had ro eifect on the velocity of light whether it was 
travelling along or across it. 
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The second axiom, that no observer is absolutely at rest, i i 
s t, is easier ti 

Uf Let us assume that the pilot of a eee travelling Sa 
X m the earth along the earth’s orbit. To an observer, on earth, the 
ARP would appear to be moving away, at say, 100 miles per 
iB ond. To the pilot of the spaceship, if he assumes himself stationary, 

e earth would appear to be moving away from him at 100 miles per 
second. Actually, the earth moves in its orbit round the sun at a speed 
of 19 miles per second. So, to a third observer in space, the Earth 
would appear to be moving at 19 miles per second and the spaceship 
at 119 miles per second relative to the sun. Therefore the velocities can 


only be calculated relative to the observer, and the Special Theory of 


Relativity says that no observer may assume that he is at rest. 


Fitz Gerald and Hedrik Lorentz 
. The size of an object changes when the motion of the object is 
increased. In. other words, stick which is measuring the distance 
between two fixed points shrinks in size of that stick which is moving 
through space along the line of its length at a very great velocity. The 
shrinkage —that is, the difference in length of the stick when at rest 
and when moving at high speed—depends upon the rate of stick's 
motion. 
This theory was arrived at from certain mathematical considerations 
based on the electromagnetic properties of light proposed by Clark 
Maxwell. 


But Fitz Gerald and Lorentz were n 
speeds with which practical engineers and ever 

They were not even talking of such speeds as those of bullets. Their 
calculations showed them a speed of even 300 
produce a shrinkage of only one mt 
shrinkage which, of course, our instrumen 


Size and Mass near the Speed of Light 


When they used a theoretical speed o 


or about 93,000 miles per sccond, howevet 
amounted to 13.5 per cent. As this velocity was stepped up to 60 per 


cent of the speed of light, the shrinkage reached almost 50 per cent. 
Ata velocity of 99 per cent of the speed of light, our measuring instru- 
ments would dwindle to about 14 per cent of their original length. 
Finally, according to their calculations, when the speed of the instru- 
ment reached about 186,300 miles per second, the shrinkage would 


reach a theoretical 100 per cent. [n other words, at this colossal speed 
asa result of total shrinkage and 


the material stick would disappear as 1 
would be completely converted into its equivalent amount of energy. 
Actually, an object would never shrink to zero, since the faster the 


f about half the speed of light, 
r, the theoretical shrinkage 


166 TEACHING PHYSICAL SCIENCES IN SECONDARY $CHOOLS 


motion the heavier it becomes, and the greater its mass, the more 
difficult it is for it to move faster. The velocity of light acts as a limit- 
ing value. Hence the measured length of an object would become zero, 
an inconceivable situation. Hence a speed exceeding that of light is 
physically impossible. f 


Let us now see what happens when an observer studies quantities 
such as length, mass and time, in a system that is moving relative to 
him. One of the predications of Special Theory of Relativity is that 
length of a fast moving object will appear to an outside observer to 
have contracted to a value smaller than that when the object was at 
rest relative to the same observer. Mathematically the new length is 
given by the equation: 


Lacw = Lora V1 — vje, where v is the velocity of the moving 
object; and c is the velocity of light. 


A spaceship of length 50 feet travelling at a speed of 100,000 miles 
per second relative to an observer appears to him of length 42 feet. 
He further finds that as the spaceship travels faster and faster, its length 
appears to be shorter and shorter. When it is travelling nearly at the 
speed of light, it will become infinitely small. The decrease in length 
with increase of velocity is one of the reasons for the velocity of light 
to be constant. 


A second prediction of special theory of relativity is that the mass of 


a moving body appears to be increasing to the stationary observer, and 
is given by 


Suppose a spaceship has a mass of five tons when it isat rest. To an 
Outside observer, its mass would increase by a ton when it is travelling 
at 100,000 miles per second. It becomes more and more massive as its 


Speed approaches the velocity of light ight i 
Toit E eR deste vel y of light and at the speed of light its mass 


Another prediction made by Speci ivity i 
: t pecial Theory of Relativity is that the 
time will be affected by velocity and will pass more tid don a fast 


moving object. The extent of slowing, the so- imedilation, i 
P PAM tonite g, the so-called timedilation, is 


The time expansion is given by the same factor M E 
H * e 

race contraction, with the difference that here you use it not as a 

my tipier but as a divisor; if one moves so fast that the lengths are 

re ues Moore half, the time intervals become twice as long. The 

ypothetical spaceship has already struck by 8 feet and more massive 


as the 
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by about a ton because it is moving at 100,000 miles per second. In 
Such a spaceship, time will pass at about four-fifth of the rate at which 


it passes for an outside stationary observer. 


Consider an interesting puzzle: a forty-year old man falls in love 
with a sixteen-year old girl. They feel that their age difference makes 
the marriage out of question. The man synchronising his clock with 
that of girl goes on a long space journey, travelling close to the speed 
of light (0.999c). He returns when his clock reads one year and he 
reads the clock of his beloved to his great surprise in her clock 22.3 
'years have passed. This in turn means that the man is 41 years old and 
the girl is 22.3 + 16 = 38.3 years old. So the age difference barrier is 


overcome and they marry. 

One of the most important results derived from the Special Theory, 
though strictly not part of it, is the equivalence of mass and energy. 
Since the mass of an object increases with velocity, its energy much 
increase. Every mass m has an associated energy E. The exact equiva- 
lence. is given by Einstein E = mc?, where c is the velocity of light. 
This equation allows us to calculate the total amount of energy avail- 
able in a given mass. For example, one gram of mass is equivalent to ` 
about one thousand million billion ergs of energy, which in the form 
of electricity would be enough to serve a large city for several months. 


What would happen to a spaceship approaching the speed of light? 
According to Einstein’s special theory, it would shrink, yet its mass 
would increase and its clocks would show down. 


15 
RADIO-ACTIVITY 


Natural Radio-Activity—Bacquerel Rays 


Bacquerel found that a preparation of Potassium and pue 
Sulphate, when: exposed to bright sunlight, affected the photograp A 
plates, wrapped in black paper. He later showed that crystals O 
Potassium Uranyl Sulphtate emit continuously, without previous expo- 
sure to sunlight, a radiation which not only affects the photographic 
plates, but can also discharge charged gold leaf electroscope by pro- 
ducing ionisation. These radiations were called Bacquerel Rays and the 
phenomena came to be known as Radio-activity. 


Pierre and Madam Curie, husband and wife, then tried to discover 
Some substances which could give out Bacquerel Rays. They found 
that radio-activity was exhibited by all compounds of uranium and the 
amount of activity, as measured by their lonising power, was pro- 

` portional to the uranium contents in the specimen. They found that a 
naturally occurring ore, pitch blende showed four times more radio- 
activity than its uranium contents warranted and inferred the presence 
of some substance much more radio-active than uranium. 

Tn December, 1895, the Curies discovered an important radio-active 
element, which they named Radium. Radium was found to bea 
million times more radio-active than an equal mass of uranium. They 
Succeeded in isolating only 2 milligrams of radium from 30 tons of 
pitch blende. 

Many more radio-active substances were discovered in quick succes- 
sion. Schmidt and Curie in 1898 showed that adjacent element before, 
uranium, namely thorium exhibited radio-active properties. In due 
course Actinium was discovered whose radio-activity was found to die 
out in a few seconds. i . 

The phenomenon of radio-activity is exhibited by elements of high 
atomic weight whose nuclei are rather unstable and break up their 
own accord into similar elements giving out some radiation. The pro- 
cess 1S spontaneous in the sense that it can neither be started, stopped, 
accelerated nor retarded under any physical circumstance. 


The new elements formed during radio-active changes, may them- 


selves show pronounced radio-activity and break up into still simpler 
atoms.and emanations. ` 
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The radio-active substances possess three outstanding properties: 


(i) They affect a photographic plate like light or X-rays; 
(i) They penetrate through matter, the thickness depending upon 
the nature of radiations and source; 


(iii) They ionise the gas through which they pass. 


The property of ionisation leads to many physical and chemical 
changes, e.g., water is decomposed when X-rays are passed throygh 
it; soda-glass exposed to these radiations is coloured deep violet and 
after continued exposure even black. Rutherford, in 1902, attempted 
to determine the nature of these radiations. He found that one of the 
radiations was readily absorbed by even a thick sheet of paper. These 
were called «-rays. The other radiation was much more penetrating 
and could pass through 5 mm. of aluminium or 1 mm. of lead, which 
he named the (rays. Later one more penetrating radiation was dis- 
covered which could pass through several cms. ofiron(30 cms.) and 
was called ?-rays. All these radiations emanate from the nucleus of 
radio-active atom so that the phenomenon of radio-activity is essenti- 
ally a nuclear phenomenon. It is,- however, not necessary that all 
three types of radiations be given out by every radio-active substance. 


x-Rays 

These are the heavy particles emitted by radio-active substances. 
There mass is four times that of the hydrogen nucleus and the same as 
the mass of the helium nucleus (Mass ofan «-particle —6.644 x 1072: 
(gm.). They are now known to be helium nuclei. 

Each of these particles carries twice the amount of. positive charge 
as carricd by an electron. (The charge on an a-particle =2 X 1.602 
x10 1° Coulombs= 2x 4.802 x 107° e.s.u.) This is the same as the 
charge on the helium nucleus. 

g-particles have great ionising power, 100 times that to &-rays and 
10,000 times that due to "rays. The penetrating power of a-rays, 
however, is much less. about 1/100 of the -rays and 1/10000 of that 
of Y-rays. A thickness of 0.0005 cm. of Aluminium foil reduces the 
ionising power to half and a thick sheet of paper can stop them. 


They produce fluorescence when they fall on certain substances, 
e.g., diamond fluorescence with blue light and zinc sulphide screen 


gives tiny specks, called scintillations. 


g-Rays 

The f-rays are negatively charged particles moving with a very high 
velocity between 0.36 to 0.98 times the velocity of light. The B-rays 
are about 100 times more penetrating than «-rays and 1/100 times as 
much as y-rays. The ionising power of B-rays is 100 times that of 
y-rays but only 1/100 times that of the a-rays. 
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The specific: charge F for the 8-rays wac determined to be the 
same as for the electrons. They are more readily scattered by atomic: 
nuclei than «-rays on account of their relatively smaller mass. 

Y-Rays 


They are very short electromagnetic waves, shorter than even the 
hardest X-rays. The wavelength is of the order 10719 cm. 


They eject B-rays from matter on which they fall. The velocity of 


exciting ‘Y-rays. It is generally found that 8=and Y-rays are emitted 
together in the same disintegration. 


The gamma rays are 100 times more Penetrating than beta rays and 
10,000 times more than alpha rays. ionisi 


times that of alpha rays. The gamma 


ina magnetic or electrostatic field, showing that they do not carry 
any charge. 


Radio-Active Transformation—Radio-Active Series 


It has been observed that the phenomena of natural radio-activity 
is sho i i 


into simpler atoms ejecting alpha-particles 
he radio-active transfor- 
ccessive stages, forming a radio-active series. 


The parent element in this Series 


U?9*, Uranium 
undergoes a slow disintegration at a ra 


value period or half life andi 
Uranium X, is comparatively less 


2 and beta particle. Uranium X, 
period — ] 14 


Isotope of parent Substance, Uraniu 
a B 
Un. es 
Uranium II ejects two alpha i 

into the most important of t 
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(at wt. 226, At. No. 88). Radium (Half-value period 1590 years) 
ejects an «particle and forms Radon, a chemically inert gas of zero 
group. 

_ It is more radio-active than Radium. The end-product in the series 
is Radium G (At. Wt. 206. At. No. 82), an isotope of lead and exhi- 
bits no radio-activity. a 

Rutherford and Soddy’s Theory of Radio-active—Disintegration 

Rutherford and Soddy in 1902 formulated a theory to explain the 
spontaneous disintegration of radio-active elements. 

Every atom of radio-active element is constantly breaking up into 
fresh radio-active products with the emission of «, B and Y rays. The 
new products have entirely new chemical and radio-active properties. 

The reaction is spontaneous and can neither be accelerated nor 
retarded under any circumstance, but isentirely dependent upon the 
law cf chance. 

Let us take N atoms of a 
disintegration of these atoms wi 
present. à 


radio-active element then the rate of 
ll vary as the total number of atoms 


—dN 
EU a N—AN (D 


where À is a constant, characteristic of the disintegration and is called 
the radio-active constant. 


dN 
N —ìÀdt 


log N= —At+A 
When 1=0, N=No and hence A=Long No 
Long N= —At+log No 


N 
or LOg "No = —ìt 
or C N-2NweM « (2): 


; dN 
The ionisation is proportional to —7— and hence a curve between 


ionisation produced and time will be an ex 
m = —HNoeM.À 
= —AN 
The equation for growth will be 
N=M (i-e? 
Radio-active Constant: The radio 
from equation (2) 


ponential curve. 


-active constant can be obtained 
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N=N, ve At 


1 
if time, t= D 


i l 
we have AL =e 4 Sets P 

0 f : " 
hence the radio-active constant is the reciprocal of the time during 


Which the original number of atoms ofa radio-active substance falls 
l d 
to FA of its value. 


Half-Value Period: The half-value period Tis defined as the time 


in which the quantity of radio-active substance is reduced to half of 
its original value. 


N=Noe M 
when t=T, N=} No 
: iNo— Noe7AT 
or eAT=2 
or AT=log e 2 


or Half-value period T = OBE 2 
0.6931 
A 


Average Life of the Atom: The atoms of a radio-active substance 
i i Ocess of disintegration. Thus some atoms 
have extremely short lives while others have a longlife and hence it 
is useful to know the average life of the atom. 
The average life of 
constant, À 


Half-value period — 108 CEN, 0.6931 =0.6331 xi 


770.6931 x Average life 
Artificial Disintegration or Transmutation 


Rutherford Observed in 1919, that by the action of «-particles from 
radio-active radium upon nitrogen nucleus, some particles are ecg 
which produce scintillations on a zns screen. The new particles coul 
not be «-particles or electrons as the formzr would not have such a 
long range and latter did not produce scintillations. It was revealed that 
these long Tange particles had mass and charge of a proton. 

WM Hes Qa H1 


The nitrogen nucleus was transformed into an Oxygen nucleus with 
the emission of a proton. 


an atom is the reciprocal of the radio-active 
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This process of producing new stable nuclei out of other stable 
nuclei is called artificial transmutation of elements. 


Sherr and. Bainbridge in 1941, actually realised the dream of pro- 
ducing artificial gold for the first time from mercury. 
soHg?9 --1 H1— 5 Au" + 2Het 
Mercury proton gold a-particle 


The gold was, however, found to be unstable as so much ill-gotten 


wealth always is. 


Induced Radio- Activity 

In 1934, Curie and her husband found that boron, magnesium and 
aluminium become -radio-active after bombardment by «-particles 
from polonium. This shows that the product of disintegration is 
radio-active and this undergoes nuclear transformation in the usual 
way, although the half-value period of such changes is generally small. 
The phenomena is called artificial or induced radio-activity. . 

The reaction in the case of aluminium can be respresented thus: 
as AD? 4 g1i—5 P30 -07 

The product is an isotope of phosphorus and is radio-active, its 
half-value period being 3 minutes and 15 sec. and is, called radio- 
phosphorus. This disintgrates into the stable element silicon and gives 
out a partic j d charge as the electron but whose 


le of the same mass an a on 
charge is positive. Such a positive electron Is called position. 


15 P9 E 1512 dm i 
Radio-phosphorus Silicon Position 
odium with fastly moving deuterons and 


Lawrence bombarded s £ 
obtained radio-radium and protons. The radio-sodium was found to 
be radio-active (half-value period=15 hrs.) disintegrated into Magne- 
sium and electrons and also emitted gamma rays. 


11 Na? juts aes P Na +H} 
Sodium Deuteron Radio-sodium Proton 
ypNat -— Mg! e +. Y-rays 


WAVE NATURE OF PARTICLES 


The world in which we live is full of light. Light is radiated by thp 
sun, by stars, by glowing electric lamps, by a burning matċh, and i 
dazzling flashes of lightning. Light enables us to see the beauty of the 
universe around. But what is light? What are the nature and exu 
of it? What processes in matter cause light radiation? These psa 
many other problems have always been of interest to man, but it too. 
centuries before he could riddle them. And small wonder, since an 


insight into the nature of light gives a clue to the understanding of 
matter. " 


; According to one of the theories put forward by ancient Greeks, 


light emanated from the eyes of man and, therefore, he could see 
objects around him. 


The well-known German astronomer J. Kepler who lived in the 
17th century considered that light was a kind of substance continually 
emitted by light-radiating bodies. He was of opinion that the pro- 
Pagation of light was instantaneous 


The first definite viewpoint on the nature of light was formulated 
by Isaac Newton. He held that i i i 


Newton was the first to observe dispersion of light, with the help 
of a prism and to give an explanati thi 


colour by the sizes of corpuscles which produced it. "Nothing more 
is requisite for producing all the variety of colours," Newton wrote, 
"than that the rays of light be bodies of different sizes, the least of 
Which may make violet and the rest as they are bigger and bigger, 


Depending on their sizes, 
corpuscles travelled with different velocities. Newton held that velo- 


ensity. He came to this conclusion when trying to explain 
nd reflection of light. As we shall see later, 
st part of his assertion. 
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Thus in the end of the 17th century the corpuscular theory of light, 
otherwise called ‘‘Newton’s Theory of Emission,” came into being. 
Though generally accepted, the corpuscular theory could not explain 
many of the phenomena in the behaviour of light*such as diffraction, 
interference and polarization. Such weak points ia the corpuscular 
theory made even Newton's contemporaries feel somewhat dissatis- 
fied with it. In the same 17th century, only some year after Newton's 
theory of emission, Huygens, a Dutch physicist, denied the existence 
of light corpuscles. According to his theory light had a vibrational 
character and is a kind of elastic impulse propagating in a specific 
medium, the ether which pervaded all spaces. Huygen's theory 
postulated the presence of the aether in water, air, glass, and even in 
vacuum. In Huygen's opinion, the propagation of light in the aether 
was analogous to the propagation of sound in air, both the phenomena 
being of resembling waves of undulatory character. 

Tn the late 18th and early 19th centuries some scientists could quite 
successfully account for a number of phenomena with the help of the 
wave theory of light. Thus, after the British scientist. Thomas Young 
had thoroughly investigated the interference and diffraction of light, 
the French scientist Fresnel gave full theoretical interpretation of 
these phenomena, reasoning from the wave theory. Fresnel offered a 
consistent explanation of all the experimental data on the diffraction 

y that time. He also put forward the idea 


and interference known b : ] ie id 
that light vibrations Were transverse, which permitted the polarisation 


phenomena to be understood and explained. 

In.1849, the French physicist Armand Fizeau measured the velocity 
of light in air 300,000 km/sec. One year later another French physicist 
Leon Foucalt determined the velocity of light in water. 

It was found that the velocity of light in water was approximately 
1.33 times less than in air. For the first time the validity of Newton's 
and Huygen's hypotheses on the refraction of light at the boundary 
between two media could be practically tested. Foucalt's experiment 
on the velocity of light in water. was crucial between the two theories: 
it did not confirm Newton's hypothesis and decided in favour of the 


wave theory. / 
Thus in the end of the 19th century, the wave theory of light at 


last won recognition. . A i 
Wave theory of light fails to explain. the phenomena like photo- 
By the end of 19th century it was 

f f waves. But in 1901, Planck 
proposed that light consis 


to explain black body radiation. In 1905 1 
oto-electric effect and compton effect. With this 


theory to explain ph c and 1 
the scientists were left with no other ‘alternative but to accept the 
dual nature of radiant energy. ..- t 

But the nature of light was stillan enigma. As before, the corpus- 
cular theory and wave theory had their adherents. Quite a number 
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of phenomena could well be explained from the stand-point of the 
wave theory, while th: corpuscular theory could offer no explanation 
for them; other phenomena, on the contrary, could well be described 


with the help of the corpuscular theory but could not be described at 
all in terms of the wave. theory. 


Matter is made of particles, corpuscular in nature. But in 1924, 
Louis de Broglie, the French physicist put forward the bold sugges- 
tion that matter which is ordinarily considered as made up of dis- 
crete particles —molecules, atoms, protons, electrons and the like— 
might exhibit wave like nature under appropriate conditions. This 
means that matter like variation has a dual nature. The waves asso- 
ciated with material particles like electrons, protons are called Matter 
Waves. This suggestion was based on the following reasoning. 


l. Nature Loves Symmetry: Nature manifests itself in two funda- 
mental forms, matter and energy. These two forms must be symme- 
trical. Radiant energy has been proved to possess dual nature, wave 
and particle; matter also posses the same dual nature, particle and 


wave. 

2. Mass-Energy Equivalence: According to Einstein’s mass-energy 
relation, mass can be converted into energy and vice-versa, Since 
radiant energy behaves as wave and particle both, hence the matter 
characterised by mass should also behave as particle and wave both. 


3. The close parallelism between Mechanics and Optics: In optics, 
we are aware of Fermats principle of least time. According to this 
principle, a ray of light chooses always the path for which the time 


Pa 
of transit is minimum as represented by the relation 8 | p ds—0. In 


Pi 
that material 
nimum. It can 


mechanics, Maupertian principle of least action suggests 
body follows the path along which work done is mi 


P: 
be represented by the relation 8 | (mp) ds—0. Clearly the facts re- 


P, 
lating the machanics and optics are ex 
matter should behave like light. 


4. Bohr's Theory of Atomic Structure: Spectral emission was explain- 


ed by Niel Bohr on the basis of quantum theory of light. According 
to this theory, the electrons move in those stationary orbits for which 
the total angular momentum of moving electron is an integral multi- 
ple of 42x. While studying the motion of stretched strings and inter- 
ference of sound waves, we also talk of an integer n. Hence we 
conclude that like light, matter should also possess wave-like nature. 


These reflections led Louis de Broglie to make bold suggestion iD 


plained on the same lines, hence 
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his doctorate thesis on the new idea that there is an intimate connec- 
tion between waves and corpuscles not only in case of radiation, but 
also in case of matter. He was awarded Nobel Prize for his suggestion 
of matter waves in 1929. 

Let a particle of mass m travelling with a velocity u, according to 
De Broglie, it will be associated with a wave, whose wavelength is 


z i : , 
given by a= where A is Planck’s constant. These matter waves 


should show the interference and diffraction effects as shown by light 
or X-rays. 

The hypothesis of De Broglie was first experimentally verified by 
Davison and Germer in 1927. They sent a beam of electrons from an 
“electron gun” and allowed it to fall on the surface of Nickel Crystal 
the reflected beam was received in a Faraday chamber connected to dá 
quadrant electrometer. The diffraction phenomena was observed 
as with light rays. They observed that for different accelerating poten- 
tials, the beam was diffracted in different directions. Calculating the 
wavelength like that of X-rays from the equation d Sin 0—75, in one 
of the experiments they found that 54 ev beam gave an angle of diff- 
raction of 50° for a nickel crystal. Taking d—2.15 A.U. and n=19 
1—2.15 Sin 50? —1.65 A.U. The theoretical formula gives. 


12.27 
a= J54 A.U. — 1.669 A.U 
The close agreement between the two values confirms the validity 
of De Broglie's theory. Hence matter, like light, also possess dual 
nature. When a material particle behaves as a corpuscle, it reveals its 
one half, and when it behaves wave, it reveals other half, but in no 
case does it reveal it fully. Matter and Energy are the two phases of 


the same thing. 
Applications 


1. Bohr's stationary orbits. 
2. Electron microscope. 
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THEORY OF TRANSISTORS 


The trausistor—an entirely new type of electron device has come 
into its own and bids to repl 


tron tubes, which utilise the flow 
or gas, the transistor relies for its 
charge carriers through a so 


; the thermionic value is à voltage-regulated device, whereas. 
the transistor is a current regulated device. 

The materials one classified as semi- 
conductivity is intermediate between met 
a large number of free electrons availabl 


osely held valence electrons, which are 


manium has 

four valence electrons in its outer Shell, and for our purpose, the 
atom may be pictured as containing only these electrons and four 
i keep it electrically neutral when germanium 

is in crystalline form its atoms assume the typical diamond structure 
illustrated in Fig. 12.1. In this structure adjacent germanium atom 
‘share their valence electrons in a strong bond, so that effectively four 
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orbital electron pairs are associated with each nucleus. These electron 
pairs are termed covalent bonds and they are bound so strongly to 
each other and to the nucleus that no free electrons are available to con- 
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Fig, 12.1 Germanium Crystal Structure Showing Co-valent Bonds. 


duct a current through the germanium. A puregermaniumcrystal, there- 
fore, is practically a non-conductor of electricity. It is not completely 
non-conducting, since ordinary heat energy occasionally disrupts some 
of the covalent bonds, thus liberating free electrons as charge carriers. ' 

roduced into the germanium 


If a small amount of an impurity is intro 
stics change radically. Thus, 


crystal, its current-conducting characterist s 
ons in their outer shell, such as anti- 


when atoms that have five electr s 
mony or arsenic, are introduced into the germanium atom (a proce- 
dure known as doping), the fifth electron of the impurity atom does 

1 covalent bond structure and, 


not find a place in the symmetrica 
hence, is free to roam around through the crystal. These free electrons 


are then available as electric current carriers. By placing an electric 
field' across the "doped" germanium crystal, the excess-free electrons 
donated by the impurity atoms will travel toward the positive terminal 
Of the voltage source. Relatively few impurity or "donor" atoms with- 
if the germanium structure permit fairly substantial electron currents 
through the crystal when an electric field is applied. Germanium that 
has been doped by peatavalent donor atoms (i.e., five electrons in the 

N-type germanium, because current conduc- 


outer. shell) is known as ^- n 
tion is carried on with negative charge carriers, or electrons. 


h ' (ke situation’ when an impurity that h: 

Consider now the situatio du ey a as Only three 

electrons in its outer shell, such as gallium or indium, is introduced 

ING He pure E rmanium Structure, but one of the covalent bonds 
um atom has an electron missing, or a hole in its 


around each indi „nas 
oun he hole indicates the absence of an electron; it 
> 


lace. Although. t ie D 
Beanie like a. real, positively charged particle when an electric field 
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is applied across the crystal. Under the influence of the electric fieldy 
electrons within the crystal will tend to move towards the pos tr 
terminal of the voltage source and jump into the available holes o. E 
indium atom near the positive terminal. Since there are no free electr! P 
available, the deficient indium atoms near the positive terminal a 
electrons from their neighbours to the left by disrupting their cova ui 
bonds. This creates new holes in adjacent atoms to the left of tho 

that may have been filled. As elect 


lectrons in its outer shell (trivalent) it 
tor atom, b 


P-N Junction Diodes 


Conduction of electric current through P-or N- 
takes place equally well in either direction; hen 
rity of the battery will not effect the amount of 
it reverses its direction 


type germanium 
ce, reversing the pola- 
current flow, although 


In contrast, a fused P-N junction is obtained by pressing small 
"dots" of indium (P-type) on a wafer of N-type germanium, After a 
few minutes of heat treatment, the indium fuses to the surface of the 
germanium and produces P-type germanium for a thin layer below the 
surface. A P-N junction is thus formed between this P-region and the 
remainder of the N-type germanium wafer. 


With the P-type germanium biased positively, the (Positive) holes 
are repelled by the battery voltage toward the junction between the 


ner 
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P-and N-type material. Simultaneously, the electrons in the N-type 
germanium are repelled by the negative battery voltage toward the 


Oc holes 
@=—— electron 


Current Flow Across P-N Junction with 
Forward Bias 
Fig. 12.2 


P-N junction. Although there is normally a potential barrier at the 
P-N junction that prevents electrons and holes from moving across 
and combining under the influence of the electric field of the battery, 
the holes move to the right across junction and the electrons move to 


the left. In the region of the P-N junction, therefore, electrons and 
hus ceasing to existas mobile charge 


holes meet and combine, t .to 
carriers. For each electron hole combination that takes place near 
the junction, a covalent bond near the positive battery terminal breaks 


down, an electron is liberated and enters the positive terminal. This 
action creates a new hole which is to the right toward the P-N junction. 


At the opposite end, in the N-region near the negative terminal, 
more electrons arrive from the negative battery terminal and enter the 
N-region to replace the electrons lost by combination with holes near 
the junction. These electrons move toward the junction at the left, 
where they again combine with new holes arriving there. Asa conse- 
quence, a relatively large current flows through the junction, 


The battery connection that permits current to flow across the P- 
junction is known as forward bias. A minimum voltage of about A 


D 
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volt is needed to overcome the potential barrier at the junction a 
permit any current to flow. The current then increases rapidly wit 


increasing battery voltage and as little as one to two voltage permit 
currents of 20 to 100 milliamperes. 


If the battery voltage is reversed in polarity, as illustrated in Fig. 
12.3, an entirely different situation prevails. The holes are now 
attracted to the negative battery terminal and move away from the 
P-N junction while the electrons also move away from the junction 
because of the attraction of the positive terminal. Since there are 


P-N Junttion With Reverse Bias 
Fig. 12.3 


effectively no hole and electron carriers in the vicinity of the junction, 
current flow stops almost completely. A. small reverse current of a few 
microamperes still flows across the junction. This reverse current is 
due to the thermally generated electron-hole pairs within both the P- 
and N-type materials. As mentioned before, some covalent bonds 
always break down because of the normal heat energy of the crystal 
molecules. Electrons liberated by this process in the P-material move 
tight across the junction under the influence of the electric field, while 
holes generated in the N-material move to the lett into the P-material. 
Thus a small electron-hole combination current is maintained by these 
so-called minority carriers If the Teverse bias is made very high, the 
covalent bonds near the junction break down, and a large number of 


electron-hole pairs will be liberated; the reverse current then increases 
abruptly toa relatively large value. 


The unilateral current conduction characteristic of a P- 
is seen to be similar to that of the conventional diode t 
pointed out that this characteristic permits diode tubes to change alter- 
nating current into unidirectional current. Germanium and other semi- 
conductor diodes (Silicon, Selenium, etc.) are, therefore, extensively 
used as rectifiers and detectors. 


N junction 
ube. It was 


THEORY OF TRANSISTORS 183 


Junction Triode Transistors 


Just as the triode tube followed on the heels of the vacuum diode, 
you might expect that the logical extension of the semi-conductor 
diode junction would be a triode junction, consisting of two P-N junc- 
tions. This is indeed the case, and the modern P-N-P or N-P-N junction 
triode transistors are in many respects analogous to triode electron 
tubes. A junction transistor can function as an amplifier or oscillator 
as can a triode tube, but has the additional advantages of long life, 
small size, ruggedness and absence of cathode heating power. 


Fig. 12.4 illustrates a P-N-P junction, made up of a sandwich of 
two P-N germanium junction diodes, placed back to back. Although 


Non-conducting P-N-P Junction 
Fig. 12.4 


exaggerated in the illustration, the centre or N-type portion of the 
sandwich is extremely thin in comparison to the P-region. The double 
junction may be either of the grown or fused crystal types, obtained in 
the manner discussed for junction diodes. 


With the battery polarities as shown in Fig. 12.4, the P-regions are 
negative with respect to the central N-region or conversely, the 
N-region (called the base) is positive with respect to the P-regions, 
The mobile electrons in the N-region, therefore, initially mcve away 
from both junctions in the direction of the positive connecting termi- 
nal. The holes in each of the P-regions also move away from the Ronee 
tions and are attracted towards the negative terminals. After these 
jnitial displacements of holes and electrons the current flow Stops. 


Consider now the same P-N-P sandwich, but with the batterie - 
nected as in Fig. 12.5. Note that the P-region at the left is biased 
positively, in the forward direction, while the P-region at the right is 
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biased negatively, in the reverse direction. This is one of the basic 
operating connections of a P-N-P junction transistor. 


Emitter Jn, Ollector Jn. 


Emitter Base COllector 


— h—> 2 


9—— nh (holes) 


9—— — e electrons 
Fig. 12.5 


The holes in the left P-region, known as emitter are repelled by the 
positive battery terminal toward the left P-N or emitter junction. (The 
Junction that is forward biased in a transistor is always termed emitter 
junction). Under the influence of the electric field the holes overcome 
the barrier and cross the emitter junction into the N-type or base 
Iegion. This region is very thin and only lightly “doped” with 
impurity atoms, so that the majority of the holes are able to drift 
across the base without meeting electrons to combine with. A small 
number of holes (about five per cent), however, are lost in this area 
because of recombination with electrons. The remainder penetrate 
through the almost porous base region and flow across the right 
Junction into the P-region or collector. (The junction with a reverse 
bias in a transistor is termed collector junction). The negative collector 


voltage (V.) aids in rapidly sweeping up the holes that pass into the 
collector region. 


As each hole reaches the collector electrode an electron is emitted 
from the negative battery terminal (Ve) and neutralises the hole. For 
each hole that is lost by combination with an electron in the collector 
and base areas, a covalent bond near the emitter electrode breaks 
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down and a liberated electron leaves the emitter electrode and enters 
the positive battery (Vc). The new hole that is formed then moves 
immediately towards the emitter junction, and the process is repeated. 
It is evident, therefore, that a continuous supply of holes are injected 
into the emitter junction, which flow across the base region and collec- 
tor region, where they are gathered up by the negative collector elec- 
trode current conduction within the P-N-P transistor thus takes place 
by hole conduction from emitter to collector, while conduction in 
the external circuit is carried on by electrons. Furthermore, the collec- 
tor current must be less than the emitter current by an amount pro- 
portional to the number of electron hole combinations occurring in 


the base area. 

The ratio of collector current to emitter current is known as alpha 
and is a measure of the possible current amplification in a transistor. 
From the definition, alpha cannot be greater than one, but practically 
values of 0.95 to 0.99 are attained in commercial transistors. 

Because of the reverse bias no current can flow in the collector 
circuit, unless current is introduced into the emitter. Since a small 
emitter voltage of about 0.1 to 0.5 volt permits the flow of an appre- 
ciable emitter current, the input power to the emitter circuit is quite 
small, As we have seen, the collector current due to the diffusion of 
holes is almost as large as the emitter current. Moreover, the collector 
Voltage (Ve) can be as high as 45 volts, thus permitting relatively large 
Output powers A large amount of power in the collector circuit may 
thus be controlled by a small amount of power in the emitter circuit. 
The power gain in a transistor (power out/power in) thus may be quite 
high reaching values in the order of 1000. 


18 
ATOMIC STRUCTURE 


The first model of the atom, fundamental for our present day con- 
cepts of its structrure, is due to the great British physicist Ernest 
Rutherford. He suggested that the atom consists of a positively charg- 
ed nucleus in which almost the whole mass of the atom is concentrated 
and of negatively charged electrons revolving about the nucleus 10 
certain orbits. 

The model was advanced by Rutherford as a result of his numerous: 
experiments on the bombardment of targets made of different elements 
with thin bunches of helium nuclei, carried out in 1911. 


At first sight Rutherford's model of the atom has much in common 


with the model of the solar system. For this very reason Rutherford’s: 
model of the atom was called planetary. 


Rutherford’s model, however, was not free from certain disadvan- 


tages. For instance, it could furnish no explanation of the exceptional 
stability of the atom. 


Reasoning from the laws of classical physics the revolution of elec- 
trons about the nucleus cannot be stable, since as any accelerated 
motion of charged particles, it must be accompanied by clectromag- 
netic radiation. An electron moving in a circular orbit even with à 
Constant speed, possesses an acceleration according to the laws of 
Classical physics. For an electromagnetic field to be set up a certain 
amount of energy is to be expanded Therefore the energy of the elec- 
tron must gradually diminish and the speed of its motion gradually 
decrease. Eventually the electron should spiral down into the nucleus. 
It can be calculated that with an atom of hydrogen this process would 
be completed in about 1078 seconds. Experimental, practical evidence, 
however, does not confirm such behaviour of electrons. On the con- 


trary, atoms are very stable and can exist for as long as many a thou- 
sand million years. 


In 1913, the Danish physicist Niels Bohr was successful to find the 
correct way out of this difficulty and explain the origin of line spectra 
of different elements as well as the stability of the atom, Bohr showed 
that the laws of classical physics could not be applied to. intra-atomic 


processes and that such processes should be inte i of 
Eun diei Tpreted in terms 
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He (Niels Bohr) maintained that the electron in the atom is res- 
tricted to particular stable orbits (or shells) which are at different dis- 
tances from the nucleus; the electron can never be found between 
such orbits. As long as the electron remains in steady definite energy 
States, it does not radiate or absorb electromagnetic waves. The elec- 
tron can pass from its one steady state to another only in a jump. 
Such transitions are accompanied by radiation or absorption of elec- 
tromagnetic waves. 

With the atom passing from one steady state of energy E; to an- 
other one £;, the radiation or absorption of e.m. waves is always in 
integral quanta only, and the frequency of radiation (absorption) v, 
multiple of Plank’s constant /, is given by the formula 

E4—E3— hv d 

As this can be seen from this formula, the frequency of radiation 
depends only on the difference between the energies the atom had in 
its respective energy states, whereas, according to classical physics, 
the frequency of radiation is in no way related to the amount of the 
energy radiated. . 

The Bohr theory could well describe the discrete spectrum of the 
one electron atom of hydrogen, but could not account, for the spec- 
trum of an atom as simple as helium having two electrons. Nor could 
Bohr's theory explain the relationship between the intensities of 


different lines in the atomic spectrum. 
Structure of the Atom 


Quantum Numbers ‘ 
Let us consider the structure of the atom taking as an example 


Proton —1 
Neutron=0 
Electron=1 


Model of H, atom 
Fig. 13.1 
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the simplest case of a hydrogen atom. A hydrogen atom consists of a 
nucleus (proton) and an electron moving about the nucleus in definite 
orbits (shells). The electron and the proton are charged particles and 
their energies are equal in magnitude but opposite in sign. As f 
whole, the hydrogen atom is electrically neutral. The nucleus O. 

hydrogen and its electron are mutually attracted by the electrostatic 
force and, therefore, the electron does not fly away from the nucleus. 


To make the characteristic of the hydrogen atom more complete, ` 


it should be mentioned that the mass of its nucleus is 1836 times that 
of the electron. The mass of hydrogen atom is thus practically deter- 
mined by the mass of its nucleus (proton). The mass of the atom is 
167x10 èig. The diameter of a hydrogen atom is approximately 
equal to 1075 cm. This value corresponds to one angstrom. The 


dimensions of an atom cannot be determined precisely; its boun- 
daries are somewhat fuzzy. 


The radius of the nucleus of a hydrogen atom is about one hundred 
thousandth that of the atom and equals 1.310743 cm. The density 
of the substance in the nucleus is extremely high, it comes to about 


2. 10g/cms, that is to about two hundred million tons per cubic cen- 
timeter. 


The orbits or shells an electron can occupy in an atom are designa- 
ted by letters K, L, M, N ctc. Therefore, an electron occupying the 
Shell nearest to the nucleus is. called K-electron. The shells can be 
numbered by ascribing respective numeric symbols 1, 2, 3, 4, etc., to 


them. These numbers are called principal quantum numbers and 
'denoted by the symbol n. ~ 


The lowest orbit, nearest to the nucleus, for which »—1 is the 
most stable orbit for a hydrogen.atom. and an electron in this orbit 
or shell is said to be in its ground state. The energy the electron 
possesses in this shell is characterised by a certain value £,. For the 
electron to be transferred to another shell, more remote from the 
nucleus, a quite definite amount of energy should be imparted to the 
electron. In a particular case this energy may be a light quantum, 
photon. In another shell the energy of the electron will be- E», equal 


to the energy the electron had in the Previous shell plus that of the 
photon. 


All the states of a hydrogen atom, when the electron occupies a 

' shell other than the nearest to the nucleus, are called excited states. If 

we relate this concept to the Principal quantum numbers, excited 

States are those with the principal qnantum number greater than 

unity. The radii of a hydrogen atom in different excited States are 
proportional to the square of the principal quantum number, 


The atom cannot reside in an excited state fora long period of 
time and tends to return to its normal state with minimum energy. 
With the electron returning to its initial orbit, the atom emits the 
same amount of energy it had received, asa quantum of e.m, radiation 
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hy. Similar transitions in the atom can take place between other 
orbits as well. As a result, there is a whole series of frequencies cons- 
tituting the emission spectrum of an atom. Energy atom has its own 
strictly definite spectrum of frequencies. The more complicated the 
structure of the atom, the more complicated its spectrum is. 

Not only the energy of an electron, but other characteristics of the 
atom are also quantised. 

The electron possess an angular momentum. As is known from 
mechanics, angular momentum of a particle is the product of its mass, 
velocity and the distance of the mass from the centre about which it 
Totates. According to quantum mechanics, the angular momentum of 
an electron is quantised as well, i.c., it can have not any arbitrary, but 
quite definite values, known as orbital quantum numbers. These 
numbers are denoted by the letter L. The maximum value of the orbi- 
tal quantum number for a given shell is equal to the principal quantum 
number minus unity. For examplc, for the shell M, n=3. The possible 
values of the orbital quantum numbers for this shell are L=2, L=1, 
L=0. The states corresponding to the values of L=0, 1,2,3, etc., are 
denoted by respective letters 5,p.d, /, etc. 

The principal quantum numbers characterise the value of the energy 
of the electron, which depends on the radial distance of the electron 
from the nucleus. Orbital quantum numbers express possible values of 


the angular momentum of the electron in the orbit. 


Besides these, there are two more quantum numbers so that the total 
number of possible states of an eletron in the atom is still greater, It 
is known that an electron, while in orbit, creates electric current and, 
as a result, a magnetic field is set up. The magnitude of the magnetic 
field due to circular current is characterised by a magnetic moment. If 
an atom is placed into an external magnetic field, the direction of the 
magnetic moment of the orbital current may happen to be at a certain 
angle to this field. The smaller the angle of inclination, the greater the 
projection of the magnetic moment of the orbital current onto the 
direction (vector) of the external field will be. 
of the orbital moment onto the vector of the external 
magnetic field is also a quantised variable. For the orbital quantum 
number equal to /, the magnetic quantum number can take up all 
values from / to /—differing from one another by unity. In the magnetic 
field the sub-leve! corresponding to the orbital number / consists of 
213-| states which are characterised by different magnetic quantum 
numbers. These numbers are denoted by the symbol ml. 


The electron has its own angular momentum termed as the spin, 
The spin is also a quantised variable. it can be either parallel or 
anti-parallel to the orbital momentum. The spin quantum number is 
denoted by the symbol m:. We, thus, have to deal with a series of. 
different quantum states of the atom. The picture of energy levels 
for atoms with a large number of electrons is extremely complicated. ' 


The projection 
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CARBON—THE BASIS OF LIFE 


Carbon and its Oxides 


Most, if not all, combustible substance used as f. uel consist of carbon 
or carbonaceous materials, and since animal heat is the outcome of 
the slow combustion of food-stuffs, these also may be included under 
the term fuel. Carbon itself is an element, that is, a substance which 
has hitherto not been decomposed, and it does not occur free in nature 
except in two mineral forms: graphite, also known as plumbago Or 
black-lead, and diamond. Soot may be looked upon as impure carbon, 
while lampblack, the purer soot obtained by burning heavy oils, is well 
known as a pigment. To these must be added the different kinds of 
charcoal, obtained by heating ina confined space any carbonaceous 
substance whatsoever, such as bones, wood, or coal. Bone charcoal or 
animal charcoal has a most remarkable power of absorbing gases and 
removing colouring matters, and on this latter score it is regularly used 
in sugar-refineries in order to clarify sugar. A piece of wood.charcoal 
will absorb more than eighty times its own bulk of ammonia gas, and 
a similar action occurs with drain gases, the latter being not only 
absorbed but also rendered harmless. Another form of charcoal which 
is extensively used where great power of absorption required are made 
from the shells of coconuts; it is used in respirators and gasmasks, or 
Wherever gases must be removed by absorption. Gas coke, the charcoal 
obtained from common coal in gas-works, is now very largely employ- 
ed in filtering Sewage, and compressed carbon blocks are also used in 


industrial world, being extensively used for lead pencils, for polishing 
grates, for crucibles, éither alone or mixed with fire clay, in connec- 
tion with smelting metals, for electric lamps of the arc pattern, and 
lastly, to the form of powder, as a lubricant where oils are unsuitable. 
The properties and uses of diamonds are too well known to require 
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mention. Many diamonds, by reason of defects of colour or struc- 
ture, are unsuited for jewellery but they are of the utmost value in 
cutting and polishing precious stones and even, in the form ofa 
diamond drill, for rock-boring and other mining operations. 


In industry, diamonds are used for glass-cutting and for machining 
hard and tough metals. A soft iron disc, its edge charged with dia- 
mond dust, acts asa glass saw. Tools for turning and boring tough 
metals, at high speed, may be provided with cutting tips made from 
diamonds. The dies through which fine wires are drawn are made 
from diamonds, so that the hole will not enlarge as a result of wear. 


Carbon, thus, presents the curious phenomenon of an element 
capable of appearing under widely different physical forms. All these 


varieties are identical in chemical composition and behaviour, yet 
they vary in appearance, specific gravity, power of conducting heat 
ith oxygen and so on. This 


and electricity, power of combining wi 
nd carbon shares the possession 


phenomenon is known as allotropy a p 
of allotropic forms with oxygen, sulphur, phosphorus, silicon and 


many other elements. 
y allotropic forms of carbon, 


Since diamond and graphite are simpl 

many attempts have been made to form them artificially. In making 
cast-iron and steel, graphite scales are often formed as the result of 
the separation of carbon originally present in the form of coke. 
Under the great heat and pressure of a blast-furnace the melted metal 
actually dissolves a certain portion of carbon, but often re-deposits 
Some of this in cooling, in the form of graphite scales. Again in the 
al-gas there is often found an internal coat- 
ficial graphite kaown as 835 carbon, arising from the 
s within the retort. Given condi- 

re, it should not be im- 
possible to produce art p reed is d 
er, o find, 

orm of charcoal. These © onds dates from 1880, and 


and though the discovery | 1 
Re diture of considerable sums of money by ingenious 


air, cacbon dio 
this gas is rea 
and turns lime- 
gas always foun 
miners after-damp. b 
refuses to support co 
taining more than one p 
breathing though it WI 
is given off as à waste pr 
either to remove it OF to 


mbustion, but is unable to sustain life. Air con: 
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Another method of forming carbonic acid gas is by expelling it 
from its compounds, called carbonates by means of almost any acid. 
The carbonate generally used in domestic circles is baking soda, 
which is bicarbonate.of soda, and the acid is usually tartaric acid in 
crystals. In home baking, however, other acid substances are used, 
such as butter-milk, which contains lactic acid, by cream of tartar, 
which is acid tartrate or bitartrate Of potash, and so on. It is impur- 
tant to observe that, whereas yeast leaves no residue in baking, these 
chemical substances form new combinations which remain in the 
bread. Thus tartaric acid and baking soda give carbonic acid gas, 
but they also form tartrate of soda, which remains behind. If cream 
of tartar be used instead of tartaric acid, the residual product is the 
double tartrate of soda and potash familiar under the name of 
Rochelle salt. On the manufacturing scale for use in aerating water 
this gas is sometimes obtained by the action of dilute hydrochloric 
acid upon marble. This substance is one of the many forms of car- 
bonate of lime and, as in the carbonaceous rocks, an interesting 
series may be obtained, starting from the shells of the living animal 
through shell limestone, coral limestone, and chalk, upto limestones 
in which all traces of shell structure have disappeared and so to 
marble, a metamorphic or altered limestone, and finally calcite and 
Iceland spar, the purely crystalline form. Of recent years aerated 
waters have been carbonated by the use of compressed carbonic acid 
gas recovered from breweries or lime-kilns and stored under pressure 
in steel cylinders. By increased pressure that gas may be liquified and 
even frozen, solid carbonic acid resembling flakes of snow. Solid 
carbon dioxide is much used as a refrigerant in preference to ice 
because it is dry, leaves no mess, gives a lower temperature and is 
more economical. When compressed, it forms a hard, ice like mass, , 
and is marketed under the trade name of *Drikold." One popular 
and familiar application is to be seen all over the country wherever 
ice-cream bricks are sold. These may be kept for some considerable 
time in perfect condition, thanks to the reduced temperature which 
Solid carbon dioxide creates. The name “soda water," as usually 
applied, is a misnomer; such water rarely contains anything excépt 
an over-charge of carbonic acid gas. True soda water contains dis- 
Solved bicarbonate of soda. Although added as carbonate, the carbon 
dioxide changes it to bicarbonate. Most effervescing drinks, such as 
beer, champagne, lemonade, owe their sparkling character to this gas, 
produced by fermentation, as in beer and wine, or chemically as in 
most aerated waters and health-salts; 


The Distillation of Coal 5 


Apart from ammonia, NH;. the most "useful by-product of coal- 
distillation is tar. Tarisa highly complex mixture of Substances be- 
longing to different chemical ‘families. It contains hydrocarbons, of 
which benzene may be taken as the type: carbolic acid and similar 
compounds containing ‘carbon;! hydrogen, and OXygen; sulphur 
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compounds; nitrogen compounds likeammonia and aniline, the base of 
the well-known dyes; and lastly, those highly carbonaceous substances 
which go to form pitch. 


The carbolic and creosote oils which form the next fraction in tar 
distillation are often taken together under the name of heavy oils, 
and they contain creosote, carbolic acid, and naphthalene. Commer- 
cial carbolic acid contains cresol as well as phenol, the latter being 
pure carbolic acid, used for medicinal purposes, Its appearance and 
use as disinfectant are well-known, though in this latter respect it is 
rather an antiseptic, arresting growth, than a positive germicide. 

Naphthalene is another solid obtained from creosote oil. In the 
form of cakes (moth balls) it is used as an insecticide instead of cam- 
phor, and also for enriching coal gas. z ( 

Anthracene oil, or green oil, is also the liquid product of coaltar, 


and is chiefly valuable on account of containing anthracene, another 
basis of dyestuffs, especially of alizarin, or artificial madder, used for 


Turkey red. 


Carbon and its Compounds 

(i) Urea: NH, CO. NH», a very useful fertiliser. 

(ii) Paraffins: The compounds of carbon and hydrogen called hydro- 
carbons. The paraffins do not react at all easily with other substances, 
it is to this lack of chemical affinity that their name 1s due. 

(iii) Methyl alcohol: It can be produced synthetically by passing a 
compressed mixture of water-gas and hydrogen over a heated catalyst 
consisting of zinc oxide and chromium oxide. 

CHLH,0 — CO+H: 


ke Steam Water gas 
Eo Catalyst 


CO--2H, ——-, CH,OH 
Water gas and hydrogen Methyl alcohol 
solvent in the preparation of lacquers and varnishes, 
industry it is used directly or indirectly in the manu- 
fine chemicals, such as drugs, dyes and photographic 


. It is used as a 
in the organic 
facture of many 


chemicals. A oe ` 
(iv) Ethyl alcohol also called spirit or wine is obtained by both 


i i . The simplest hod 
synthetic methods and fermentation processes pP metho 
uns fermentation of sugars, such as glucose, by means of yeast, as 
. in the brewing of beer, making wine and spirits. 

Zymase* 


C,H1,0,22C;H;OH -+-2CO, . 
Glucose Ethyl alcohol 


*Zymase: These are catalysis called enzyme which convert glucose into 
alcohol- 
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Glucose, suitable-for this fermentation reaction, can be readily 
produced, in quantity, by treating starch with hot dilute acid. 


(v) Ether is well-known as an anaesthetic. If methylated spirit is 
used instead of alcohol, we get methylated ether, which is less pure, 
being mixed with dimethyl ether. 


(vi) Aldehydes and Acetones: If alcohol is oxidised, by means of 
chromic acid, we obtain aldehyde, the name is derived from dehy- 
drogenated alcohol. Methyl alcohol yields the gas from aldehyde, 
H.CHO, when dissolved in water, is known as formalin. The oxida- 
tion of ethyl alcohol gives acetaldehyde, CH;. CHO. 


Aldehydes are very reactive, and have many uses in synthetic organic 
chemistry. They are active reducing agents and will reduce ammonia- 
cal silver nitrate to produce silver mirror. This provides a means of 
silvering glass by chemical means. An important acctone finds many 
uses as a solvent, particularly in the preparation of varnishes, cordite 
(smokeless powder) and celluloid. 


A most important substance, aniline, is obtained from coaltar; it is 
an amine with the formula C;Hs.NH,, and is the starting point for 
numerous dyestuffs, often called aniline dyes. 


A much-improved pain-reliever. ‘Aspirin,’ is derived from salicylic 
acid which is again a compound of carbon. i 


AQUEOUS ACIDS AND BASES 


The acids...are compounds of two substances... the one 
constitutes acidity, and is common to all acids... the other 
is peculiar to each acid, and distinguishes it from the rest... 

A. Lavoisier, 1789 


Consider the following compounds: 


HCl : Hydrochloric acid (or Hydrogen Chloride) 
HNO; : Nitric Acid 

CH, COOH : Acetic acid 

H,SO, : Sulfuric acid 


H;PO. : Phosphoric acid 

Each of these five compounds shares the following important pro- 
perties. 

1. Hydrogen containing: Each of these compounds contains hydro- 

gen. 

2. Electrical conductivity; Each of these compounds dissolves in 
water to form solutions that conduct electricity. Ions are pre- 
sent in these solutions. \ 

3. Liberation of hydrogen gas: The aqueous solutions of each com- 
pound produce hydrogen gas, He, if zinc metal is added. 

4. Colour of litmus: Litmus, a dye, is red in colour when placed in 
these aqueous solutions. f 

5. Taste: The dilute, aqueous solutions, of each compound are 
sour tasting. 

What is the common factor that makes these different substances 
behave in the same ways? In water they all form conducting solutions; 
we conclude that they all form ions in water. Each substance contains 
hydrogen and each reacts with zinc metal to produce hydrogen gas. 
Perhaps all of these aqueous solutions contain the same ion and this 
ion accounts for the formation of H» (g). It is reasonable to propose 
that the common ion is H* (aq). We postulate: a substance has the 
properties of an acid if it can release hydrogen ions. 


Consider the following compounds: 


196 TEACHING PHYSICAL SCIENCES IN SECONDARY SCHOOLS. 


NaOH : Sodium Hydroxide 
KOH : Potassium Hydroxide 
Mg(Oh), : Magnesium Hydroxide 
NaCO; : Sodium Carbonate 
NH, : Ammonia 

Each of these five com 


pounds shares the following important pro- 
perties. 

l. Electrical Conductivity: Like acids, these compounds dissolve in 
water to form conducting solutions. Ions are present in an 
aqueous solution of a base. 

2. Reaction with Acids: When one of these compounds is added to 

'an acid solution, it destroys the identifying properties of the 
acid solution—all but electrical conductivity, 

3. Colour of Litmus: The dye, litmus, is blue in colour when placed 
in an aqueous solution of any of these compounds. 

4. Taste: The dilute aqueous solutions taste bitter. 


Definitions 


A substance in an acid of it ca 
A substance is a base if it can 


The Nature of H+ (aq) 


Both of our explanations. of the 
involve the hydrogen ion, H* (aq). This 
in the chemistry of aqueous solutions. 


n release hydrogen ion, H* (aq). 
react with hydrogen ions, H+ (aq). 


Properties of acids and bases 
Species has great impor.ance- 


equilibrium, it has a high solubility: 
Li Cl (s) = Lit (aq)--CI- (aq) t=25°C 22. (0) 


Lithium chloride melts spontaneously above 613° 
that conducts electricity, 


Li CI (s) = Lit (1)+Cl- (1) t=613°C 
Equilibrium in any reaction is determined b 
tendency toward minimum energy and tenden 
randomness. Reactions (1) and (2) both invo 
ness since the regular solid lattice dissolves or melts to 
of a disordered liquid state, Both reactions produce ions, But reaction 
(1) proceeds readily at 25?, whereas reaction (2) does no: 


Cand formsa liquid 


- (2) 
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the solid is quite hot, 613°C. The difference must be in the special 
stabilities of Li* and CI- ions in water. The high melting point of 
lithium chloride shows that the crystal is very stable. The high solu- 
bility of lithium chloride in water can be explained only by saying 
that Li+ (aq) and Cl (aq) must also be very stable. This means that 
water must interact strongly with these ions. 

A similar situation exists for hydrochloric acid HCI. This gaseous 
compound dissolves readily in water at 25°C: 

HCI (g) = H+ (aq) - C^ (aq). t=25°C =, (3) 

The HCI molecule is a stable one, it must be heated to a few 
thousand degrees before the atoms will separate. Even then, neutral 
atoms are obtained and still higher temperatures are needed before 
gaseous ions are obtained. 

HCI (g) = H(g) -+Cl(g). t very high .. . (4) 

The high temperature required to separate the two atoms of a mole- 
cule of HCI shows that HC! is very stable..Again we can explain the 
solubility of HCI in water by saying H+ (aq) and CI- (aq) must also be 
very stable. Water must interact strongly with these ions. 

That is why we have been symbolising these ions as Li+ (aq), H* 
(aq), and CI (aq). The notation (aq) reminds us that the ions interact 
strongly with the solvent. 
pH: 

For compact expression of H* (aq) concentrations, chemists use a 
quantity, defined by the equation. 

pH= —logio (H7?) 

Since (H*) —107* M in a neu 
Such a solution. 

à pH= —(ogi 107) 2—C77)---7 


i s us to understand the symbol pH, first defined by a 
Danish RENE He used the p to stand for the Danish word 
potenz (power) and H to stand for hydrogen. After a change of sign, 
pH is the power of ten needed to express the hydrogen ion concentra- 
tion in moles per liter. In acidic solutions, pH is less than 7 (pH 7); 


and in basic solutions, pH is greater than 7 (pH) 7). 
H+ (aq) and OH- (aq) Expressed in terms of pH. 


tral solution at 25°C, it follows that for 


Concentrations of 


Acidity or 

Basicity A+ pH 

acidic 1.00 0 

acidic 10r 1 

acidic 107 2 

neutral LA 1 
18 13 


: basic 
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Strength of Acids 


The strong and weak electrolytes are distinguished in terms of 
degree to which the dissolved material forms ions. As a particular 


ions only to a slight extent; acetic acid is a weak electrolyte. Because 
one of the ions released is H+ (aq), acetic acid is called a weak acid. 


We Can express these ideas in terms of a general acid, HB. The 
acidic nature of HB is connected to its ability to release hydrogen 
ions: 

HB (aq) = H+ (aq)-+-B- (aq) MC 


The equilibrium constant for reaction (4) measures quantitatively 
the case with which HB releases H+ (aq) ions, 
c4  Ur*) (7) 
Ass By i) 


The value of KA furnishes a quantitative measure of acid strengths 


With which we can compare different acids and predict their pro- 
perties. 


TABLE 
Relative Strengths of Acids in Aqueous Solution at Room Temperature 
KA- (£9 (BD 
(HB) 

Acid Strength Reaction KA 
HCI Very strong HCl (g)=H*(aq)+Cl-(aq) Very large 
HNO, -do- HNOs(g)--H*(aq) +NO,; (aq) -do- 
H,SO, -do- H;SO,zxH*(aq) -- HSO;^*(aq) large 
HSO^, Strong HSO-.(aq)--H*(aq) + SO™,(aq) 1.3x10-? 
HF Weak HF(aq)=H*(aq)-+ F-(aq) 6.7 x 1071 
CH,COOH -do- CH,CooH(aq)=H+(aq) 

+-CH;Coo~(aq) 1.801075 
HCO; ^ .do- H,Co,(aq)==H*(aq) + HCo^*(ag) 4.4 »« 10-7 
CO,--H,O 
HS -do- H,S(aq)==H*(aq) + HS- (aq) 1.0% 1077 
NHf, -do- NH*,(ag)-H*(ag)--NH:(ag) 57:193 
HCO;  -.do- HCo; (aq)--H*(ag)-Co;?(ag) 4.7 19-11 


H,O Very weak H,O(aq)H+(aq)+OH-(aq) 1.8x 10716 
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Competition for H* Among Weak Acids 
We have explained the properties of acids in terms of their abilities 
to release hydrogen ions, H*(aq). Thus acetic acid is a weak acid be- 
cause of the slight extent to which reaction (6) releases H*(aq): 
CH,COOH = H*(ag)-- CHsCOO (ag) step) 
We have explained the properties of bases in terms of their abilities 
to react with hydrogen ion. Thus ammonia is a base because it can 
react as in (7): 
NH;(ag)-H*(ag) = NH*,(aq) 
Now consider the result of mixing aqueo 
and ammonia. The reaction that occurs can 
of reactions, 
CH,COOH(aq) = H*(ag)-- CH.COO (aq) 
NH,(aq) + H*(ag) = NH*(aq) 
Net reaction 
CH,COOH(aq)+ NHs(ag 


. (7) 


us solutions of acetic acid 
be compared to a sequence 


) = CH,COO (ag) + NH.* (aq) 28) 
the result of reactions (6) and (7) is reaction (8). In 
cetic acid acts as an acid in the same sense 
that it does in (6). In either case, it releases hydrogen ions. In (6) acetic 
acid releases hydrogen ion and forms H*(aq) and in (8) it releases 
hydrogen ions to NH, H,*. In the same way, ammonia 


s 
and forms N E ; 
acts as a base in (8) by i ith hydrogen ion released hod 
acid. So reaction (8) is a 


tion, though the net reaction 
does not show H*(aq) explicitly. 


Now by taking one n ore step we can view acid base reaction in a 
i ution of ammonium 


broader sense. Suppose we mix aqueous sol ammo! 
chloride, NHxCl, d sodium acetate, CH,COONa. A sniff indicates 
ammonia has been formed. 
Reaction occurs, 

NHa*(aq) 4-CH,COO (ag) = CH,COOH(aq) + NH.(ag) .. (9) 
s just the reverse of deaction, o Inspection of this 
reacti Is that reaction (9), too, is an acid base reaction, Once 
pain Ny H-— it is NHs*—and a base that 
accepts H*—the base is CH,COO . Once again the net effect of the 
reaction is transfer of a hyd from one species to another, We 
see that the acid-bas ion between acetic acid and ammonia gave 
two products, on d. NH; and one a base, CH.COO'. A little 
thought will convince 
M of a hydrogen ion from an acid to a base necessarily implies 
that it might be handed back. The reaction of handing it back, the 
reverse reaction, is just as much a hydrogen ion transfer, hence an 
acid-base Fe the original transfer. 


action, as 1S 
Notice th 


Practically, 
reaction (8), we see that a 


at we are now referring to reaction in which a hydrogen 


LS 
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5 3 : stems 
view is that it is applicable to a wider range of chemical systems, 
including non-aqueous systems, 


We can generalise our view of 
follows. In our example, reaction (8), 


CH;,COOH -- NH, = NH,+ CH,;COO- . Sis) 
anacid abase an acid a base 


ion as 
the acid-base type of reaction a 


The acetic acid Teacts as an acid, giving up its proton, to for 
acetate, CH,COO-, a substance that can act asa base, We can wri 
(8) in a general form: (0) 

Bice Bans es HB,-- B, Ms 
Acid, 1 Base, Acid, + Base, 200 
We see that an acid and a base 


Teact, through proton transfer, to 
form another acid and another base. 


We can use this more general view to discuss the strength of acids. 
In our generalised acid-base reaction (10) the 
the chemical bond in HB, must be b 


her base, B». If, on the id 
his substance will be a weak acid. 


elementary Teaction between H*(ag) and 
su and the reaction of dissoziation of acetic acid, reactions (12) 
and (13); 


HC(g)--H,o = H3O*(ag)4- Cl-(ag) 


(14) 

instead of 

HCl(g) = H*(aq)+Cl-(aq) .. (15) 
Whenever H 


*(aq) might appear in an equation for a Teaction, it is 
Teplaced by the hydronium ion, H,O+, and a molecule of water is 
added to the other Side of the equation. We write (13) in the form, 
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CH,COOH(aq)--H;O = H,O(aq) +CH;COO (aq) .. (16) 
Now the dissociation of acetic acid can be regarded as an acid-base 
reacton. The acid CH,COOH transfers a proton to the base H,O 
forming the acid H,O t and base CH;COO'. 2 
The reaction (12) now takes the form: 
H40*(aq)--OH-(aq) € H.O + H:0 ms I) 
In (17) the acid H,O+ transfers.a proton to the base OH” forming 
an acid, H,O, and a base, H:O. We see that within the proton transfer 


theory, the molecule H:O must be assigned the properties ofan acid, 
and, as well, those of a base. 


Contrast of Acid Base Definitions 
Definition 1: An acid isa substance that has the properties listed 
below when dissolved in water: 
It is an electrical conductor; 
It reacts with Zn to give H.(g); 
It makes litmus red; 
It tastes sour. 
Definition 2: An acid isa substance that can release protons. 


. The first definition is one of the type called an “operational defini- 
tion". An operation definition is, then a definition that lists, as criteria, 
measurements and observations (that is, operations) by which you 
could decide whether a given object is “in” or “out”. 

The second definition is a “conceptual definition". It defines the 
Class in terms of an explanation of why the class has its properties. 


21 


OXIDATION-REDUCTION REACTIONS 


Electrochemical Cells 


we E rrent 
Electrochemical cells are familiar—a flashlight operates on viles are 
rawn from electrochemical cells called dry cells, and automo 


Y, a set of electrochemical cells. Why 


The Chemistry of an Electrochemical Cell 


]- 
Let us begin our investigation of an electrochemical cell by un 

ing one. Fill a beaker with a dilute solution of silver nitrate witb 
0.1 m will do) and another beaker with dilute copper sulphate. r to 
a wire connect the silver rod to one terminal of an ammet the 
measure the electric current. Connect the other terminal ily con- 
ammeter through a wire resistance, R, to the copper rod. Fina y ing 
Nect the two solutions to complete the circuit. A glass tube contain 


Sodium nitrate solution furnishes an electrical path. It is called a se 
bridge. 


As soon as the last connection is made, things start to happen. THE 
ammeter needle deflects — electric current is moving through the met A 
and resistance, R. The direction of current flow is that of lectos 
moving from the copper rod to the silver rod, The resistance become 
warm—the cell is doing work as it forces electrons through R, In the 
beakers, the copper rod dissolves and the silver rod BrOWs As time 
goes by. the ammeter shows less and less current flow until, finally, 
there is none. 


fan two moles of si] r 
One mole of copper dissolves for energy ver. Coppe 
ions Cu*#(aq), EENE in the right beaker from the neutral copper 
metal atoms. This means atoms of ERA raeasg electrons into the 
copper rod. These electrons move into the wire, Toug 


; RT the resistance 
and through the ammeter. They arrive at the silver rod in the left 
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om silver ions, Ag* (aq). Here, 


beaker, where silver metal is formed fr 
om the silver rod to become 


the positive silver ions draw electrons fr 
neutral silver metal atoms. 


Fig. 16.1 An Electrochemical Cell 


In the right beaker, A : 
Cu(s) — Cut?(aq)+2e Jal) 
In the left beaker, 
2Ag'(aq)--2e- > 2Ag(s) -+ + (2) 
o 3 
verall reaction, "e 2Ag(s)-- Cu**(ag) 293) 


Cu(s) --2Ag*(aq) j 
Reactions (1) and (2) are called half cell reactions or half reactions. 
The net reaction (3) is obtained by combining (1) and (2) so as to 
cause the exact balancing of electrons lost by copper atoms, in (1), and 
electrons gained by silver ion, in (2). The cancellation is necessary 
because electrical measurements show that the electrochemical cell 
Operates without accumulation or consumption of electric charge. The 
Teaction mixture always remains electrically neutral. The number of 
electrons lost equals the number of electrons gained. 
We see that the overall chemical reaction that occurs in an electro- 
chemical cell is conyeniently described in terms of two types of half- 
n the other, they are gained. To 


reactions. In one, electrons are lost; i t the 
distinguish these half-reactions we need two identifying names. 
The half-reactions in which electrons are lost is called oxidation. 
Oxidation Cu(s) > Cu*2(aq) 2e. (5j 
The half-reaction in which electrons are gained is called reduction. 
Reduction 2Ag*(aq)-2e — 2Ag(s) NUS 
The overall reaction is called an oxidation-reduction reaction, 


Oxidation-reduction reaction 
Cu(s) -2Ag' (aq) Cu aq) : 2Ag(9 e (6) 
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It is often convenient and usually informative to treat oxidation- 
reduction in terms of half-reactions. 


Zinc Oxidised by H*(aq) in a Beaker 


Many oxidation-reduction reactions (nicknamed “redox” reactions) 
take place inaqueous solution. 


Zn(s) +-2H*(aq)—2n*2(aq) -- H.(g) xem (7) 
Each zinc atom losses two electrons in changing to a zinc ion, 
therefore zinc is oxidised. Each hydrogen ion gains an electron, chang- 
ing to a hydrogen atom, therefore hydrogen is reduced. (After reduc- 


tion, two hydrogen atoms combine to form molecular H,.) The 
reaction (7) can be separated into two half-reactions. 


Zn(s) > Zn**(aq)--2e- sa + (8) 
2H*(aq) +-2e- +H,(g) . ... (9) 
Net reaction Zn(s) .-2H* — Zn*?+-H,(g) mote 1610) 


Thus the reaction by which a metal dissolves in an acid is convenien- 
tly discussed in terms of oxidation and reduction involving electrons 
transfer. The reaction can be divided into half-reactions to show 
ths electrons gain (by H+ ions) and the electron loss (by metal atoms). 


Not all metals react with aqueous acids. Among the common 
metals, magnesium, aluminium, iron, and nickel liberate H, as zinc 
does other metals, including copper, mercury, silver and gold, do not 
Produce measurable amount of hydrogen even though we make sure 
that the equilibrium state has been attained. 


Zinc Oxidised by Cu*?(aq) in a Beaker 


„As a third oxidation-reduction example, suppose a strip of metallic 
zinc is placed in a solution of copper nitrate, Cu(NO,), contained in a 
beaker. The strip becomes coated with teddish metallic copper and 


ts. The presence of zinc ion, 
Zn*?, among the products can be shown when the Cu*? colour is 


C r g passed into the mixture, white 
zinc sulphide, Zn S can be seen. The reaction between metallic Zn and 
the aqueous copper nitrate is 


Zn(s) -- Cu*? —Zn*?-- Cu(s) ss) 
Zinc has last electrons in reaction (11) to form Zn*?! 
Zn(s)—Zn**-1-2e- (2) 


Zinc is oxidised. If zinc is oxidised, releasing electrons, something 
must be reduced accepting electrons-copper ion is reduced. 


Cu*?4-2e- +Cu(s) ... (13) 


This time, copper ion gains electrons from zinc in contrast to the 
behaviour where metal lost electrons to silver. 
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What about the state of equilibrium for the reaction represented by 
equation (11)? Let us place a strip of metallic copper in a zinc sul- 
phate solution. No visible reaction occurs and attempts to detect the 
presence of cupric ion by adding HS to produce black colour of 
cupric sulphide, CuS, fail. Cupric sulphide has such low solubility that 
this is an extremely sensitive test yet the amount of Cu*? formed can- 
not be detected. Apparently the state of equilibrium for the reaction 
(11) greatly favours the products over the reactants. 


Competition for Electrons 


These reactions can be viewed as a competition between two kinds 
of atoms (or molecules) for electrons. Equilibrium is attained when 
this competition reaches a balance between opposing reactions. 


In case of the reaction, Cu(s)---2Ag*(aq)2A g(s) + Cu*? (aq) copper 
metal reacting with silver nitrate solution, the Cu(s) releases electrons 
and Ag* accepts them so readily that equilibrium greatly favours the 
products, Cu*? and Ag(s). Since randomness tends to favour neither 
reactants nor products, the equilibrium must favour products because 
the energy is lowered as the electrons are transferred. If we regard the 
above reaction as a competition between silver and copper for elec- 
trons, stability favours— silver over copper. 

The same sort of competition for electrons is involved in reaction 
(11), in which Zn(s) releases electrons and Cu*? accepts them. This 
time the competition for electrons is such that equilibrium favours 
Zn*? and Cu(s). 

Since zinc releases electrons to copper ion, we know that we must 
add it to our list at the top: 


Zn(s) — Zn*?--2e^ 
Cu(s) — Cu*?4-2e7 
Ag(s) — Ag'-c-e 


Listing the Zn-Zn*? half reaction first tells us that it releases elec- 
trons more readily than does Cu-Cu?? half-reaction. But if this is true, 
then the Zn-Zn** half-reaction must also release electrons more 
readily than does Ag-Agt! half-reaction. The list leads us to expect 
that zinc metal will release electrons to silver ion, reacting to produce 
zinc ion and silver metal. 

We should test this proposal. We dip a piece of zinc metal in a 
solution of silver nitrate. The result confirms our expectation; zinc 
metal dissolves and bright crystal of metallic silver appears. 

Our data allow us to make one more addition to the list. By reac- 
tion (7), zinc reacts with H+ to give Zn*? and H.(g). The half-reac- 
tion H,-2H* must be placed below the Zn:Zn*? half reaction. How 
far below? To answer that, remember that copper does not react with 
H+ to produce Ha. This indicates that the half-reaction H,-2H* 
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releases electrons more readily than does the half-reaction Cu-Cu*?. 
Now we can expand our list in the following manner. 


Some Half-reactions listed in order of tendency to release electrons 


Zn(s) > Zn**+-2e— 
H,(g) rh OH ter 
Cu(s) — Cut+2e— 


Ags) = Agttem 
Electron Transfer and Predicting Reactions 


The usefulness of the list is clear. Quantitative predictions of reac- 
tions can be made with the aid of the ordered list of half-reactions. 
Think how the value of the list would be magnified if we had a quan- 
titative measure of electrons losing tendencies. The voltages of electro- 
chemical cells furnish such—quantitative measure. 


Electron Losing Tendency 


The circuit in Fig. 16.1 includes a Wire resistance coil, R. As the 
current flows through R, heat is generated. The cell is doing electrical 
work in forcing the electron current through R. Again we apply the 
law of conservation of energy. As the electrons leave R, they must 
have lower potential energy than they had when they entered. As 
they fall to lower potential energy, the energy change appears as heat. 
This potential energy change is measured by voltage. Just as lowering 
amass from higher altitude decreases its potential energy, moving an 
electric charge to a lower voltage lowers its potential energy. 


So the voltage of an electrochemical cell measures its capacity for 
doing electrical work. Different cells show different voltages. 
Oxidation Numbers 


An Electron book-keeping device: The reaction between ferric ion, 
Fets, and cuprous ion, Cu*, to produce ferrous ion, Fe*? and cupric 
ion, Cu*? js plainly on oxidation-reduction reaction: 


Fe? + Cut—-Fe*2-+ Cutz .. (16) 

It is readily separated into two half-reactions showing electron 
transfer: 

Oxidation (loss of electrons) Cu*+Cut?+e- 2. 017) 

Reduction (gain of electrons) Fe*3-L-e-— Fe? ... (18) 


Because of the presence of Cut ion, ferric ion is reduced. Chemists 
say that Cu* ion acts asa reducing agent in this reaction —Cu* ion is 
the * agent" that caused the reduction of ferric ion. At the same time, 
Cur is oxidised because of the presence of ferric ion. 


Hence, Fe?? is called an oxidising agent in this reaction. 
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Another reaction by which ferric ion can be reduced involves. bisul- 
phite ion, HSOs~. The balance equation is: ; 
H,O --HSO,2-2Fe 3—2Fe*?4-HSO,- --2H* Sw UI) 
Again half-reaction Fe?3-re-—Fe?? describes what happens to 
ferric ion: B 
2Fe*94-2e---2Fe** «+ (20) 
Since two electrons are gained by the two ferric ions in half-reaction 
(20), two electrons must be released by the remaining. constituents in 
(19). The other half reaction can be found by sub-tracting (20) from 
(19) to give: 
H,O--HSO,—2e —HSO,--2H* N 
or : 

H,O + HS07,—HSO.- --2H* 4-267 -.. QD 
The combination of H,O and HSO' , acts as a reducing agent 
toward Fet?" Since water solutions of Fe*? are quite stable, HSOs- 
is considered to be the actual reducing agent. 

Half-reaction (21) differs from the others we have looked at. 
Since we don't know the locations of the electrons held bya 


molecule such as HSO;-, we assume that the hydrogen atom has a+ 1 


charge, that each oxygen atom has a —2 charge, and that the sulphur 
atom has all the rest of the electrons in the molecule. Of course, if the 
charges on all the atoms in HSO;- are added together, they must sum 
to —1, the molecular charge. Since there are three oxygen atoms in 


HSO,^, the algebra looks like this: 


Charge on Charge on Charge on Mole- 
hydrogen Jrs oxygen +| sulphur =| cular 
atom atom atom charge 


^ Charge on 
(+1) +3 C2) | [sulphur =-1 
assumed assumed \atom 

(Charge on sulphur atom) = (+4) $ 

This fictitious charge is called the oxidation number of sulphur. 

Oxidation number of sulphur= +4 in HSO; . 

The same process can be applied to HSO.. Again assuming 
hydrogen has a charge of +1 and each of the four oxygen atom has 
a charge of +12, we calculate a fictitious charge on the sulphur atom 
of +6. . 

Oxidation number sulphur =4-6 in HSOs. According to the 
oxidation number book-keeping, the two electrons released in the 
HSO; —HSO.' half-reaction (21) are associated ‘with the charge ifi 
‘oxidation number of sulphur from +4 to +6. i 
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: Sulphur forms two oxides, SO, (a gas at normal conditions) and 
SO, (a liquid that boils at 44.8°C). Under suitable conditions, SO; 
reacts with oxygen to form SO;: 


» 20280. (g)4-O.(9)280,(g) S02 
In SO;: 
i Charge on Charge on Molecular 
a( oxygen )« (sisi: )- charge 
atom atom 
2 (-Z) - (Oxidation) — (0) 
assumed number 
sulphur 
, Oxidation number sulphur— 4-4 in SO, 
In SO;: ! 
Charge on Charge onV  /Molecular 
a( oxysen ) | (sip )- charge ) 
atom atom ` 
3 (-2)4- (Oxidation —(0) 
number 
sulphur) 


Oxidation number sulphur— 4-6 in SO . Thus in reaction (22) the 
sulphur atom changes oxidation number from --4to +6 m just as it 
did in the HSO,-—HSO.^half-reaction. The oxidation number gives 
a basis for connecting the SO", SO, change to the oxidation of HSO s 
to HSO, . Both charges are considered to be examples of oxidation. 


Oxidation-reduction reactions occurring in aqueous solutions are 
conveniently treated in terms of half-reactions showing transfer of 
electrons. Under more general conditions (gaseous state, other solvents, 
etc.) it is more convenient to treat oxidation-reduction reactions in 
terms of oxidation numbers, based upon the arbitrary scheme of 
assigning charge +1 to a hydrogen atom bound to an unlike atom 
and charge —2 to an oxygen atom when it is bound to unlike atoms. 
Generally, then, an oxidation-reduction reaction is one in which oxida- 
tion numbers change. 


Use of Oxidation Number of Balancing Oxidation-Reduction 
Reactions: , 


__ We have talked above oxidation numbers asa device for assigning 
a fictitious charge to an atom in a molecule. According to this scheme, 
oxidation-réduction reactions involve changes of oxidation numbers. 
Consideration of conservation of charge reveals that there must 
be a balance between changes of oxidation number. Consequently; 
oxidation numbers provide a good basis for balancing equations. 
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The rules! we will utilise are as follows: 

(1) The oxidation number of mono-atomic ion is equal to the 
charge on the ion. 

(2) The oxidation number of any substance in the elementary state 
is zero. 

(3) The oxidation number of hydrogen is taken to be +1 (except 
in H., which is the elementary state.) 

(4) The oxidation number of oxygen is taken to be —2 (except in 

_, „O; ozone; Os; and peroxides). 

(5) The other oxidation numbers are selected to make the sum of 

the oxidation numbers equal to the charge on the molecule. 


(6) Reactions occur such that the net change of oxidation numbers 
in zero. (This rule is really a result of the conservation of 
charge). 

EXAMPLE 


We want to balance the equation for reaction that occurs when 
H.S gas is bubbled into an acidified potassium permanganate solution. 
When we do this, we observe that purple colour of the MnO, ion 
disappears and the resulting mixture is cloudy (Sulphur particles). 
We find H,S gas reacts with MnO'; to give solid sulphur and Mn*?. 


MnO, +H,S(g) gives S(s)-- Mn*? 


First, we assign oxidation numbers to each element, using rules 1 
to 5 we find: 


MnO, 4-H;S(g) S(s)--Mn*? j 
+7. —2 0+2 (oxidation number) 
With changes, " 
or manganese +7 — is 
for sulphur —2—0 zone 
T2 


If the gain in oxidation number by sulphur isto equal the loss by 
manganese, then five atoms must react with two atoms of manganese: 


2Mn0.- --5H,S(g) gives 5S(s)--2Mn*? ++» (23) 
(not balanced) 
—5)=—10 
+7) Aso) 242) 
5(+2)=+10 


Now we proceed to ensure conservation of oxygen atoms. There are 
eight oxygen atoms on the left in (23), hence we must add eight 


1. Chemistry—An Experimental Science, edited by George C. Pimental, Indian 
Ed., 1964, N.C.E.R.T., New Delhi. 
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molecules of H,O to the right. (The reaction occurs in aqueous solu- 
tion, so there is plenty of H,O). 

2MnO.--5H.S(g) gives 5S(s)--2Mn*?--8H,(O) not balanced next 
we must ensure conservation of hydrogen atoms. On the left, are 10 
hydrogen atoms (in 5H,S) on the right 16 (in 8H,O). In aqueous 
Solution, (in neutral or acidic solution) we assume that there six 
hydrogen atoms needed on the left are provided by H*: 

2MnO,+ 5H,S(g) J-6H*--5S(s)-2Mn*?--8H,0 


The equation is balanced now but experience dictates that a check 
should always be made on the basis of charge balance: 


2(— 1) 5(0)--6C-1) —5(9)4-2(4-2) -8(0) 
-2 +6 SA 
Sis =+4 
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CHEMICAL BONDS 


Why and How do Atoms Combine to form Molecules 

is question, we hope to be able to account for 
f elements and compounds. Even before the 
tablished, chemists tried to answer this 
t of valence originated. 


and that of chlorine is one really 
he fact that carbon tetrachloride 


If we could answer th 
the many properties O 
structure of the atom was es 
question and that is how the concep 


The valence of carbon is four 


explains nothing. It simply reflects t 
has the formula CCl:. But we want to know why this formula is CChi. 


Besides, there are other properties of this compound which need an 
hy does carbon tetrachloride not conduct 


explanation. For example, wl 
electricity? Why it has low boiling? Why does the molecule have its 


special shape? 

We cau answer these quest 
tures of atoms. For this we req 
Chemical Bonds. , 


ions in the light of the electronic struc- 
uire an understanding of the nature of 


Problem s 


When a stream of hydrogen gas from Kipp's apparatus is passed 
througn aa acidified solution of potassium permanganate, no colour 
change occurs. However, if a piece of zinc is added to the solution, 
the colour disappears. Hydrogen gas from Kipp’s apparatus is not 
able to reduce the potassium permanganate, whereas the hydrogen 
produced in the solution by the reection between zinc and the acid 
reduces. In what way is the latter sample of hydrogen different and 


more reactive? 
The hydrogen, chlorine and oxygen are diatomic molecules. Why 


do the atoms in these molecules prefer this arrangement? Why are the 


molecules diatomic? Could their atomicity be higher than two? Such 
questions lead us to concentrate on why and how atoms combine? 


It is an experimental fact that 103.4 K cals of energy is required to 
separate hydrogen atoms from a mole of hydrogen molecules. And 
when atoms combine to form molecules, energy will be released and 
thus there will be lowering of energy with tne formation of molecules. 
This means that the molecules are more stable than the separated 
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atoms from which they are obtained. When this lowering. es 
exceeds 10 K cal/mole, the molecular structure have distinct a 


4. 


Fig. 22.1 Interaction ba 


re close to each other, the electron ‘a’ and ‘b’ is 
‘B’. Neither of the electrons p 
» attracted exclusively by one nucleus. The chemical bond i 


A bond which arises due to the 
is called a co-valent bond. 


nucleus exerts a force of attraction on thé elec 
fly away from the atom. It is tbe force of attr: 
the energy of an electron in an atom and hence the energy of the atom 
itself. The greater the force of attraction the lesser the energy. Recall 
that a 2s electron is in a higher energy State than 1, electron. When 
two nuclei Simultaneously exert an attraction on an electron, there isa 
considerable increase in the Strength of this force. Hence these will be 
a lowering of energy resulting in a more stable arrangement than the 
Separated atoms. A chemical bond is formed if this is Possible, 
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Is this lowering of energy always possible? Why does nòt a bónd 
form when two helium atoms are brought together? Surely, as in thè 
case of hydrogen, the two helium nuclei should be able to exert attrac- 
tion on the electrons of both the atoms. Why then do they not bind 
the helium atoms together to give the molecule He4? 


We seem to have overemphasised the role of attractive forces. We 
have not looked at the forces of repulsion. 


Following are the attractive and repulsive forces between two 
approaching hydrogen atoms: 


Attractive forces that operate between: 


1. The nucleus of one hydrogen atom and its own electron. 

2. The nucleus of one hydrogen atom and the electron of the 
other. 

Repulsive forces operate between: : 

1. The electron of one hydrogen atom and that of the other. 

2. The nucleus of one hydrogen atom and that of the other. 


Which of these forces dominate when the atoms are far apart? 
"When new forces come into operation? When the atoms come close 
to each other? Since the attractive and repulsive forces between the 
charged particles increase with decreasing distance, the forces between 
the nucleus and the electron of one atom and those of the other be- 
come significant only when the two atoms are close to each other. 


While an increase of attractive forces decrease the energy of a 
system, an increase of repulsive forces tends to increase the energy. 
Whether a bond is formed or not when two atoms approach each 
other depends on whether the forces of attraction and those of repul- 
sion play a dominant role. Since no bond is formed between the 
helium atoms, it is obvious that the forces of repulsion are too strong 
to keep the helium atoms together. 


But the forces of repulsion firstly, between the two electrons and 
secondly, between the two nuclei are present even in case of the hydro- 
gen molecule. They tend to increase as the distance between the 
atoms decreases. Since this increases the potential energy, the atoms 
cannot come very close to each other. The potential energy will be a 
minimum, when the two nuclei are at a certain distance. This distance 
is called the equilibrium bond length or simply bond length. This is an 
important property of bonds, which is experimentally measurable. 


Use of Orbital Model of the Atom to Explain Bonding 


An orbital can accommodate a maximum of two electrons, accord- 
ing to Pauli Exclusion Principle. It can contain just one electron or it 
could be empty. Each hydrogen atom contains one electron in the lt 
orbital. When the two hydrogen atoms combine, the two ls orbital 
overlap. In the region of the overlap, the two electrons are strongly 


214 TEACHING PHYSICAL SCIENCES IN SECONDARY SCHOOLS 


attracted by both the protons. Asa consequence of this, each hydrogen 
atom appears to have acquired two electrons in the ls orbital. 


What would you expect if the orbitals already contained two elec- 
trons? According to Pauli Exclusion Principle, such an orbital cannot 
accommodate any more electrons and, therefore, cannot participate in 
orbital overlap. Therefore bonding does not occur. This is the situa- 
tion in case of Helium. 


You can, therefore, conclude that when a co-valent bond is formed, 
two partially filled orbitals of the atoms over lap such x 
that two electrons mostly reside in a region when they H 
are simultaneously attracted by the two nuclei. 


How is the co-valent bond represented? ; 


1. The hydrogen molecule can be written as H-H. The 
line between the symbols of the two atoms repre- 
sents a co-valent bond and indicates that the two 


electrons are shared by the two atoms. A single u| N 
line represents one electron pair and also a single Wy 
bond. 

2. Orbital representation of hydrogen molecule Fig. 22.2 


This is to show that the electrons in the overlapping orbits are 
of opposite Spin. Therefore, when a co-valent bond forms elec- 
trons of opposite Spin get paired. 


3. The electrcn dot representation is shown as follows: 
The electron in the valence Orbital isshown by a dot on each atom 
and the pair of electrons in the bond is shown between the atoms. 
H.+.H>H:H 


Similarly, the Iepresentation of HF molecule can be done in the 
above three ways as shown in the following figure (page 215). 


levels of the atoms that are involved in bonding because they are, the 
most loosely bound to nuclei. These are called valence electrons. The 
orbitals they occupy are called valence orbitals. The 2s and 2, orbitals. 
are the valence orbitals of the fluorine atom. 


How Many Bonds can an Atom Form? 


formulas like H., F,, HF and Cl. Can 
giving molecules like H;, Fy and HF,.? 
formulas are not possible. What then d 
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an atom can form? Chemists call the number of bonds an atom can 
form as the bonding capacity of an atom. 


(à) H = F 


| 25 <p 
€ S 
(Qu, te F ——» HE ene 
oe -»9 
Fig. 22.3 


We must seek an answer to this question again in the structure of 
the atom. The orbital representation of the bonding in F, has been 
used to show that the bond is formed by the overlap of the partially 
filled 2, orbitals of the two fluorine atoms. The other valence orbitals 
already have their quota of two electrons. The example of Helium 
shows that two orbitals both of which contain two electrons cannot 
overlap and cannot help in bond formation. Therefore, only the parti- 
ally filled valence orbitals can be used in bond formation. Fluorine 
atom has one such orbital and it forms one bond. 

So far we have seen that each of the bonded atoms provides an 
electron for sharing. But there are cases where both the electrons used 
for sharing belong to one of the atoms before bonding. 
ion there is a vacant Is orbital on the hydrogen. 
ere is a pair of electrons on the nitrogen 
atom which has not been used for bonding. When these two species 
approach each other, there can be an overlap between the vacant 
valence orbitals of hydrogen and the orbitals of nitrogen containing 
the pair of electrons not used for bonding. Such bonds are called co- 
ordinate co-valent bonds. This is also a co-valent bond, but both the 
shared electrons for bond formation originally belonged to the nitro- 

en atom. [n such bonds, the species donating a pair of electrons is 
called the donor and the species which receives the electron pair is 


For instance, in H* 
In NH,, on the other hand, th 
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called the acceptor. In the above example, the nitrogen atom is the i 
donor and the hydrogen ion the acceptor. t 


4 "1 
x "x 
x 3 + lines : | 
HOON: -HHj—— |H:'N:H | 
"X yr senem | 
H L Hw 


Formation of Ammonium Ion 


Once this bond is formed, there is no way of distinguishing between 
one N-H bond and another in the NH," ion. H:O and H} can also 
combine in a similar way to give rise to the hydronium ion ,H,O* the 
form on which H* ion exists in water and aqueous solutions. 


In the H, molecule, the bonding electrons spend most their time 
between the nuclei. Since the ten nuclei have the same charge, there 
cannot be any difference between the force of attraction exerted by 
either nucleus for the electrons. The two electrons are thus equally 
Shared by them. This will be true in the case of bonds in all homo- 
nuclear molecules like F», Cl, and O, etc. 


What happens, if the two bonded atoms are different as in the case 
of HF? The two electrons spend most of their time between the nuclei 
of hydrogen and fluorine but the nuclei differ in their abilities to 
attract the electrons. (Why?). A measure of the ability of an atom to 
attract electron in a bond is the electronegativity of that atom. Fluorine 
has a higher electronegativity (4-0) than hydrogen (2-1). Therefore, 

. fluorine has a greater attraction for the electrons than hydrogen. 
Hence, the bonded electrons, and more likely to be found nearer the 
fluorine atom, than the hydrogen atom. They are thus not equally 
shared in a heteronuclear molecules like HF, HCl, H,O, etc. 


This kind of sharing has an interesting consequence. Hydrogen 
becomes the Poorer partner for the electrons in the bond. This makes 


cules. Such molecules are called polar molecules and bonds in them 
are called polar co-valent bonds. 


The bonds in which there is a charge separation are supposed to be 
electric dipoles. One way of representing the dipole: 


[548 amati: 
NE Male xr C iie) 
How Can We Explain Bonding in Compounds like NaCl? 


Our model of the polar co-valent bond was based on the fact that 
One of the bonded atoms has a higher electronegativity than the other. 
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If the difference in electronegativity is very large, the pair of electrons 
may get completely attached to the more electronegative atom, con- 
verting it into a negatively charged ion. The other atom consequently 
becomes a positively charged ion. This ion subsequently get strongly 
bounded to one another because of the strong electrostatic force of 
attraction between the oppositely charged ions. Bonds between such 
ions are called ionic or electrovalent bonds. Compounds which contain 
electrovalent bonds must be made up of ions. One of the evidences for 
the existence of ions is conduction of electricity by these compounds 
in their fused state. Fused NaCl conducts electriticy. Spectroscopic 
and X-ray studies show that solid NaCl is made up of Nat and CIT 


ions. 


23 


CONCEPTS USED IN TEACHING OF 
PHYSICAL SCIENCES 


used in the teaching of Physical 


(i) Length, mass, time. 
(ii) Velocity, acceleration, force, 
(iii) Impulse, momentum. 
(iv) Work, energy, 
(v) Conservation laws. 
(vi) Field, potential. 
(vii) Maxwell Equations, 
(viii) Electromagnetic Spectrum. 


All measurements of the 
of three funda iti 


S the mass of a metal cylinder preserved 
, of Standards. Al] other standard masses à 
ultimately calibrateq against the 


prototype kilogram. A direct Dp 
an object is made by au o 4 


A J f ‘tational 
an analytical balance is used, the standard is regarded as gravitationa 
Mass; if an inertia balance is used, the stand i 


mass. Both methods yield the same numerial result for the same 
ect. 


A specific Object, say a Person, has two different properties which 
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must be carefully distinguished. The mass of a person specifies his 
inertia, that is, resistance of change of motion. Mass is measured in 
kilograms. The weight of a person specifies the gravitational force 
which acts on him and is expressed in pounds. A certain person on 
the surface of the earth might have a mass of .75 kilograms and a 
weight of 165 pounds. The same person on the surface of the moon 
would have the same mass, 75 kilograms, but would weigh about 30 
pounds. 


The standard unit of time is the second, which is ultimately speci- 
fied by the duration of one of the recurrent motions in nature—the 
revolution of the earth around the sun. A certain laboratory refers its 
time measurements on its own standard clock. This clock is calibrated 
against radio time signals from the Bureau of Standards, which in turn 
calibrates its master clock from the revolution of the earth as measured 
by sighting at the fixed stars. For the scientist, time is defined opera- 
tionally as “the number read from this calibrated clock." 


After the three basic units—meter, kilogram, second—are defined, 
one proceeds to the compound quantities. The simplest of these is 
velocity. If an object travels 30 meters.in 3 seconds, its average velo- 
city is 30 meters divided by 3 seconds, that is, meters/second. The 
unit of velocity is thus meters per second, abbreviated as m/sec. It may 
be noted that the process of division is explicitly indicated by the slant- 
ing line. All compound units can be thus referred to the basic three 
units, but in practice one often renames common combinations. For 
example, the coulomb/second is renamed the ampere. 


Length, mass, and time are scalar quantities, that is, they are describ- 
able by hyper numbers with one element. Displacement on a surface is 
a vector quantity and requires a hyper number with two elements, the 
first to specify the magnitude of the displacement and the second to 
specify the direction. 

The next compound quantity is acceleration, also a vector quarrtity. 
Suppose a car accelerates from rest to 30 m/sec. in 10 seconds; the 
quantitative measure of the acceleration is obtained by dividing the 
change in velocity by the interval of time required. The result is 3 
meters/second each second, usually abbreviated to 3 m/sec?. Note that 
the compound unit, as it were, preserves and indicates the process by 
which the quantity was obtained. [ 

Now that the units of mass and acceleration are defined, we can use 
Newton’s second law (force equals mass multiplied by acceleration) to 
define a unit of force. The new unit of force, the kilogram meter/ 
second? is named the newton. The pound equals about 4.5 newtons. 


The quantity of work is defined quantitatively as the product of 
force applied, time and distance moved in the direction of the force. It 
is a scalar quantity, and the unit newton meter is renamed the joule. 


One can proceed in a similar fashion to build up other compound 
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units. For example, p 
and so on. Fortunatel ; 


2 ccur t09 
i energy. Products such as MV? and M?V o 

seldom to be honoured by special names, :tv does not 
Science is Concerned with Prediction, When a d remains 
change, Prediction js Particularly simple, A quantity bo. two 
constant during a given Process is said to be o eremi sum 0 
Steel balls Collide, the total momentum of the Pair (the vec 

the two Separate mome: 


wW 
167 f thela 
nta) is conserved. This is an example o 

ar 


rg 
; al ene 

at momentum, In this example the gem d 
e two separate kinetic energies) is no 

ut in the low-energy isi 


f atoms energy is conserved. 


\ © motion 
inate axes of the o 


empora 
; When the motion I$ invariant under temp 

© Coordinate axes of the Observer. . orary 
The Concept of field ig One Of the most basic ideas of contemp its 
Physics, A field is a region of Space whe. 

SPecific force. The 


. ces 
here a test Object experien the 
o * vector quantity field i 
force which acts on a un; 


y 
ntensity is measured by 
unit test Object, Il piece 
For the Sravitational field the unit test object could be a or aie the 
having a mags of one Kilogram, he space Sh à kilogram 
earth is a itati the surface of the earth Sd intensity 
spring balance indicates that the fiel 
Kilogra x ity 
4 intens 
ts are made farther from the garth, the field in 
decreases as the inverse Si 


e 
À of th 
ae quare of the distance from the MS even at 
earth. [n Principle the field intensity Never becomes zer 
enormous distances, but it i 

The Space 


does become immeasurably ane tation- 
4 i sta 
Surroundin ary electron or à collection o 
ary electrons js an example of an 
a Magnet is 4. 


ding 
electric field. The-space anoi by 
n example of magnetic field. Fields may vA dud earth, 
making ing of the Source of the field (Cg ngent at any 
electron, Or magnet) and drawing Curves such that the ta ing of the 
Point gives the direction of the field at that point. A i family of radial 

eld of the carth or the electron would consist ofa flected the 
lines convergi entre of the earth or the cle 
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The concept of potential is closely associated with the concept of 
field; the two are easiest to understand in their mutual relationship. 
Field intensity is a vector quantity that describes the behaviour of a ~ 
unit test object within a region of space by specifying the force which 
acts at each point of the space. Potential is a scalar quantity that 
describes the behaviour of a unit test object by specifying the work 
needed to bring the test particle to each point of the space. The test 
particle is brought to the point of interest froma great distance 
where the field force on the particle is negligible. The path followed 
does not affect the total work done. In the language of mathematics, 
one says that the particle is brought in from infinity and that the zero. 
of potential is taken at infinity. 


Having considered the electric and gravitational field, we must 
proceed to the magnetic field. The lines of force of a magnetic field 
can be traced using a small magnetic compass; the north pole of the 
compass acts as the test object for the field. There is an intimate 
relation between electric and magnetic fields. The empirical facts 
were discovered during the nincteenth century by a large number of 
experimentalists, and put into mathematical form by James Clark- 
Maxwell (1831-1879). The experimental facts are essentially that (1) 
a moving electric charge (say an electron) produces a magnetic field 
and (2) a moving electric charge crossing an already existing magne- 
tic field finds itself pushed sideways. There are four Maxwell differen- 
tial equations when written in vector form. The first specifies how 
electric fields arise from electric charges, the second describes how 
magnetic fields are related to the fact that magnetic poles always 
occur in pairs—one north and one south pole. The third equation 
specifies that a changing electric field gives rise to a magnetic field and 
the fourth describes how a changing magnetic field gives rise to an 
electric field. The four Maxwell equations consitute three- dimensional 
models of electromagnetic phenomena. There is also a four-dimen- 
sional relativistic model in which there are two tensor equations, and 
the electric and magnetic fields are regarded as two aspects of one 
basic entity. The two models, of course, are equivalent. 


The Maxwell equations describe that aspect of nature which gives 
rise to the phenomenon we call light. If a changing electric field is 
generated by causing electrons to surge back and forth along a wire, 
then a changing magnetic field also arises and the two change rhyth- 
mically together in the same region of space. At low frequencies, say 
a few hundred cycles per second, the changing electromagnetic field 
exists only near the wire. However, when the frequency rises to a few 
million cycles per second or higher, the pulsing electromagnetic field 
propagates itself away from the wire at a velocity of 300 million 
meters per sccond. Thus arises the electromagnetic wave. In such 
wave the changing electric field produces a changing magnetic field: 
and the changing magnetic field produces another changing electric 
field in a lightning-fast game of leapfrog. Light is an electromagnetic 
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_ The concept of energy, which has proved basic in mechanics and 
in the field of Physics, is also fundamental for thermodynamics. The 
development of the Steam engine near the beginning of the nineteenth 


permitted a quantitative measurement of the property described 


The revised model postulated that the temperature of a body was 
a measure of the average kinetic energy of the chaotic motion of the 
particles of the body. For example, the molecules Of a block of ice 
are arranged in a regular pattern. When the ice ; 


f > ed, the molecules begin to 
vibrate chaotically about their lattice Positions; th x 


have an average kinetic energy of chaotic motio s e, 
multiplied by an appropriate constant, is the absolute temper oo 
the ice. If the heating process is continued, the Motion becomes more 
and more violent until the lattice forces can no longer hold 
the molecules near the lattice Positions anq the arran = t of 
molecules becomes disordered: the ice has Melted and STIS aL o 
the solid to the liquid phase. This melting Occurs when ee ro 2 
ture has reached + 32°F, If the heating is continued, the cha tempera 

of the disordered molecules increases, but the molecules 4. Ae 
fairly close together. At +-212°F the chaotic motion is Od. held 
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the intermolecular forces can no longer hold the molecules fairly close 
together, and the molecules start flying apart; the water boils and 
changes from the liquid to gaseous phase. Further heating increases 
the temperature of the gas; eventually the molecules are dissociated, 
and then the atoms, and finally at a temperature of millions of degrees 
the nuclei themselves are knocked apart. 


The intuitive meaning of the word heat, used as a verb, is clear 
enough; its meaning as a noun is very subtle, and is best left to the 
experts. The difficulty lies in the intuitive notion that if you put 3 
joules of heat into a body, then that body ought to contain 3 more 
joules of heat than it did before. It is true that, if no external work 
has been done, the body contains 3 more joules of energy than it did 
before, but that energy is not necessarily in the form of heat—some of 
it may be in the form of internal potential energy. For example, you 
can supply 335,000 joules of heat to a kilogram of ice at 32°F and 
the temperature does not increase at all; the heat has been converted 
to internal potential energy. The difficulty with heat as a noun is that 
it is not conserved. For the record, then, heat is that form of energy 
in transit which flows from one body to another because of a differ- 
ence in temperature. The word is not properly used except when the 
energy is flowing; there is no uniquely definable quantity which can 
be called the “heat content” of a body. Heat can flow by conduction, 
as along a metal rod; by convection, as in the air currents above a 
hot object; or by radiation, as in an electromagnetic wave. 


We must now contrast the two concepts heat and temperature. 
Temperarure is measured in degrees with a thermometer. Heat is meas- 
ured in joules (or calories) with calorimeter. The temperature of an 
object is an intensive property; it does not depend.on how much of 
the object there is. Heat isan extensive property; it takes twice as 
much heat tochange the temperature of two gallons of water by one 
degree as it does to change one gallon of water by the same amount. 
Temperature is a measure of the average kinetic energy of chaotic 
motion of the particles of a body. Heat isa measure of flow energy 
due to difference in temperature. 


In order to understand the laws of thermodynamics we must define 
the concept of entropy. Entropy is a quantity which measures the 
disorder of the particles of a body; it is an extensive property. In 
contradiction to *heat content," which is not unique, the ‘‘entropy 
content" of a body is a unique number. Entropy depends on the 
temperature of a body, and increases as the temperature increases 
Entropy is measured in the unit calorie/kilogram;degree. Yt may be 
measured experimentally by long series of measurements with a calori- 
meter, or, if enough is known about the structure of a substance, it 
may be computed. It is postulated that a pure crystalline substance at 
absolute zero has entropy zero, and this postulate has been called th 
third law of thermodynamics. Most practical problems are concern d 
with change in entropy; such changes do not depend on any Surtout 
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(1) Within a thermodynamic system (say a steam engine) the heat 
supplied equals the work done plus the change in internal 


(2) The maximum work which can be obtained from a cyclic 
thermodynamic Process equals the change in temperature 
multiplied by the change in entropy. 


-The first law is seen to be a statement of conservation of energy 
regarding work and heat as forms of energy. 

The second Jaw tells us that no work can be done without both a 
change in temperature and a change in entropy of the “working fluid” 
of the engine, There are many other equivalent statements of the 
second law. i 

The two laws just quoted are the historic expressions of the basic 
laws of thermodynamics. The same ganeral information can be ex- 
pressed in a different way which shows more clearly the tendency of 
thermodynamic processes, These may be called the “A” and “B” 
laws of thermodynamics: 


(A). Work may be changed to heat at 100 per cent efficiency. 


(B) Heat may be converted to Work, but at efficiencies that are 
always less than 100 Per cent and usually less than 50 per cent. 


the growth of living organisms, entropy decreases within the organism, 
All indications are that the Surrounding environment increases in 
entropy more than enough to balance the local decrease. Perhaps in 
Some remote part of time or Space there is a fountain of negentropy 
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the restricted theory of relativity, but its relationship to general rela- 
tivity is not yet clear. In quantum mechanics the laws of nature appear 
as restrictions upon the value of the commutator rather than as the 
solutions of dilferential equations as in previous models. 


The following statement of the postulates of quantum mechanics is 
rewarded from a formulation by Henry Margenau.* 


(1) To every observable quantity there corresponds an operator; 


(2) A measurement of an observable quantity can yield only certain 
specific numbers, the eigenvalues of its operator; 


(3) To every state of a system there corresponds a state-function; 


(4) The average of a series of measurements of an observable quan- 
tity from a system in a specific state may be computed from an 
expression in which the corresponding operator acts upon the 
corresponding state-function; 

(5) The rate of change ofa state-function with time may be com- 
puted from the action. of the energy operator upon that state- 
function. S 

The second postulate seems very respective. For example, when 
measuring the linear momentum of a free particle, one would expect 
to encounter any number— positive, negative, or zero. This expectation 
is compatible with the second postulate because the operator for 
linear momentum of a free particle has an infinite set of eigenvalues, 
namely, all real numbers, positive, negative, or zero. On the other 
hand, the operator corresponding to the angular momentum of the 
electron in the hydrogen atom has for eigenvalues only certain specific 
number —those which were listed ad hoc in the postulates for the Bohr 
model of the hydrogen atom. 

From these five postulates can be derived the Schrodinger equation, 
which constitutes the Schrodinger model of the atom. The Schrodinger 
model predicts with great accuracy the measurable | effects which 
depend on the behaviour of the electrons surrounding the atomic 
nucleus. Quantum mechanics is currently being used to correlate and 

redict measurements which depend on the behaviour of parcticles 
within the nucleus. The predictions are accurate enough so that 
theorists expect that the quantum-mechanical model will probably be 
valid for the nuclear domain. It is not yet clear what additions or 
modifications will be needed to permit highly accurate predictions. 

When it was found in 1901 that light (ordinarily considered a wave) 
also had particle-like characteristics, and when, in 1927, the electron 
(ordinarily considered a particle) was also found to have wave-like 
characteristics, these facts E paradoxical. This reaction was naive 
because one must not expect the "common sense" of the macroscopic 


*H. Margenau, The Nature of Physical Reality (New York: McGraw-Hi 
Company, Inc., 1950). BOND Rots 
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world to persist in the microworld. It is misleading to refer to the 
“dualistic”? nature of light merely because an entity has different 
aspects depending on the mode of observation. The shadow of a cylin- 
der can be observed asa disk or as oblong, but the cylinder remains. 
`a single entity. However, one chooses to describe the complementary 
aspects of fundamental particles, this complementarity is built into the 
very basis of the quantum-mechanical model. For example, the mathe- 
matical expression for the State-function of a beam of photons may 
be reduced by one path of thought to a recognisable description of a 
wave, or it may be reduced by another path to a description ofa par- 
ticle. These two isomorphic models are inherent in the original state- 
function, which is not itself committed to either aspect alone. 


The Heisenberg indeterminacy Principle states that momentum and: 
position cannot be simultaneously measured, with arbitrary accuracy. 


tely. The quantitative aspects of this principle are expressed in the 


points of view such that a commitment to one of the pair would autc ` 
matically eliminate the other from consideration. 


Argument 


length, mass, and time, each of these is measured by specified opera- 
tions using an arbitrarily chosen standard, and the result is a single 
number, a scalar quantity. Compound quantities such as density, velo- 
city, acceleration, etc., are ultimately defined and measured by 
measurements of length, mass, and time, and it is found that the results. 
may be described by hypernumbers of various sorts, 


A field is a portion of Space where a test object experi i i- 
fic force. Field indensity i ity.de Stee RUNG 


the field. Three common examples of fields are the gravitational, the 
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electric, and the magnetic field. The motion of a body in a field may 
be predicted from the laws of mechanics when the field intensity at 
each point and the initial conditions are known. The potential is a 
Scalar quantity defined at each point ofa field. The field intensity at 
each point may be computed from the values of the potential near the 
point and conversely. 

Heat is a form of energy. If no energy enters or leaves a region, 
then the total energy of that region will remain constant (be conser- 
ved), but, heat being only one form of energy, may not be conserved. 
Thermodynamics deals with the natural laws which describe the 
changes of form of energy within a particular region. Thermodynamics 
uses only macroscopic quantities (temperature, pressure, volume and 
the like), and its relations are usually independent of molecular, 
atomic, and nuclear structure. 

Quantum mechanics is the most general model of physical behaviour 
yet formulated. It includes Newtonian mechanics and restricted relati- 
vity, but its relation to general relativity is not yet clear. Quantum 
mechanics predicts very accurately the behaviour of all objects outside 
the atomic nucleus. It is currently being applied with considerable 
success in predicting the behaviour of objects inside the nucleus, but 


the task is not complete. 
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